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DKVEZ.OFING APPARATUS 

FIELD OF THE INVENTION AND RELATED ART 

Tlie present invent:! on relates to a developing 
5 apparatus employed by an eXecLrophoLograplilc or 
electrostatic ima^e formxng apparatus « a process 
cartridge remova£>ly mounteO^le In tHe main assembly of 
an image forming apparatus^ and tbe like. Here^ an 
electropiiotograpblc image forming apparatus means a 
10 printer, a facslmllelng madilne, a copying macblne, 
etc. 

A developing apparatus wliicli uses nonmagnetic 
single- component developer Lo develop an electros LaLic 
latent image into a visible image has been realized* 

15 Figure 14 is a scbemaLio sectional view of a typical 
developing apparatus in accordance witb tbe prior art 
whlcii uses nonmagnetic single-component developex*. 

Referring to Figure 14,. a developing 
apparatus 4 bas a developer container ( toner 

20 container) 8 wbicb bolds toner 7, for excunple, 

dielectric nonmagnetic single-component developer, txie 
inherent electrical polarity of which is negative. 
The toner 7 contains a yellow, magenta, cyan, or black 
coloring matter, or the like, in the form of pigment 

25 or dye. The developer container 8 has a hole which 
faces an image bearing member 1 which bears a latent 
image to be developed. Through this hole, a 



development roller 5^ as a developer carrier, 
rotai;ai>ly supported by Lhe walls of tixe developer 
coxitaixier 8, Is partially exposed* 

Witliin Lixe developer contaiixer 8^ a developer 
stirring member (toner stirring member) 15 Is 
disposed r whlcii Is In one of various forms, for 
example, a flat plate, a screw, etc. , and Is rotated 
In Lixe direction Indicated by an arrow mark In tbe 
drawing* to convey tbe Loner 7 In tlie developer 
container 8 toward Llie development roller 5. Tbe 
number and sliape of tlie toner stirring member 15 is 
cbosen in consideration of tbe shape of tiie developer 
container 8 so tbat the toner 7 can be efficiently 
conveyed to tbe adjacencies of tbe development roller 
5 even from tbe corners oX tbe developer container 8« 

In a magnetic development meLbod, tbe 
development roller 5 is provided witb magnetism in 
order to attract tbe magnetic single-component 
developer (toner), wbicb contains magnetic substance, 
to tbe development roller 5« However, in tbe case of 
a nonmagnetic single— component development metbod, tbe 
magnetism of tne toner is extremely weaJ^, making it 
difficult to attr^act tbe toner by magnetic force. 
Tbus, in many cases, it is necessary to provide tbe 
developing apparatus 4 witb a means for placing toner 
on tbe perlpberal surface ol tbe development roller 5. 
Tberc are other means for placing toner on tbe 



peripliejral ^urXace of the developraeiiL roller 5, wlilcii 
will be described later. Generally, tlie developing 
apparatus 4 is provided wilii a toner stripping- 
supplying roller 13 as a developer supplying meiaber/ 
wliich is disposed in Llie adjacencies or LUe 
development roller 5 so Lliat tHe periplieral surfaces 
of the two rollers 3 and 5 remain in contact witli, or 
virtually in contact wlLli^ eacii other. 

The toner s tripping-supplying x-^oller 13 is 
rotationally driven at a predetermined peripheral 
velocity, which is generally dirrerent from the 
peripheral velocity at which the development roller 5 
is rotationally driven. The rotational direction of 
the toner strippixig- supplying roller 13 in the contact 
area, or virtual contact area, between the two rollers 
3. and 5 jaay. be the same as that of the deArelopment 
roller 5, or opposite thereto, as long as there is a 
proper amount of diXiTerence in peripheral velocity 
between the two rollers 3 and 5, not only for 
supplying a given area of the peripheral surface of 
the deyelopmejat roller 5 with a proper amount , ol 
toner, but also £or stripping away the toner particles 
remaining on a given area of the peripheral surface of 
the development roller 5, that is, the toner particles 
which were not used for development, after the given 
area passes the development station, that is, the 
point at which the given area faces a target 1 to be 



developed • 

Also disposed wxtliiii tlie developer container 
8 l3 a partitioning plate 16 for parLitioning Llie 
Internal space of tlie developer container 8* Tlie 
parLlLlonlng plaLe 16 is optlml:&ed In helglit so tliat 
tlie amount by wI:3l1c1i tlie toner 7 remains in the 
adjacencies of the development rollex: 5 and toner 
sLripping-supplying roller 13 aft^er being conveyed to 
tbe development roller 5 will be virtually constant. 

Tbe developing apparatus 4 is also provided 
wltb a regulating blade 6^ as a member for regulating 
tbe amount o£ tbe developer on tbe peripheral surface 
of tbe development roller 5- Tbe regulating blade 6 
is placed in contact witb tbe development roller 5, 
It rorms a tbin layer o£ tbe toner 7 by regulating tbe 
amount by wbicb tbe toner 7 is allowed Lo remain on 
tbe peripheral surface or tbe development roller 5. 
In otber words, it plays tbe role of regulating tbe 
amount by wblcb "tbe toner 7 is conveyed to tbe 
development station (area in wblcb peripheral surXace 
ol development roller 5 Is placed in contact^ or 
virtually in contact, with development target)* It 
also plays the role of rubbing the toner 7 so that tbe 
toner 7 Is cbarg^ed by tbe Xrlction between the toner 7 
and regulation blade 6. Generally, tbe regulation 
blade 6 comprises: a piece of tbin metallic plate 
formed of phosphor bronkse, stainless steel, or the 
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IXke, wl-tri a -thickness oX several hundreds of 
mlcromeLers, axid a piece a£ ure-bliane rtiL>2>er or trhe 
like welded Lo the edge of the meLallic plaLe« It is 
placed in contact with the development jroller 5 so 
5 LhaL the elasticity of the thin raetallic plaLe makes 
the contact pressure between the regulating blade 6 
and the peripheral surface or the developiiaent roller 5 
unixorm across the entire range ol the contact area. 

The amount by which the toner 7 is conveyed 
10 to the development station, in which the distance 
between the development target 1 and pex^lpheral 
surface of the developaient roller 5 is smallest, and 
the amount ox electrical charge the toner 7 will he 
given, are dependent upon the contact pressure between 
15 the development roller 5 and the regulating blade 6 

pressed thereon, and sl:^e of the contact area between 
the development roller 5 and regulating blade 6, The 
contact pressure is dependent upon several factors, 
more specifically, the material and thickness of the 
20 metallic thin .plate, the amount by which the 

regulating blade 6 is bend, and the contact angle 
between the development roller 5 and regulating blade 
6. Generally, these factors are set so that the 
euaount by which the toner 7 is carried on the 
25 peripheral surf ace of the development roller 5, per 
unit area, falls in the range of 0,3 - 1.0 mg/cm^ - 
Referring to Figure 14, the development 



t^argeL i, the perlplieral surface of the elect ro- 
photogaraphic photosensitive member 1 (photosensitive 
drum) as an Image 2>ear±ng memher, normally in the form 
of a drum ^ Is raoved in the direction Indicated* i>y an 
arrow mark, Lo the development station, in which the 
distance hetween the development target 1 and Lhe 
peripheral surface of the development roller 5 is 
smallest. In Lhe development station, the toner 7 on 
the. development roller 5 adheres to the electrostatic 
latent image on the development target 1, developing 
the electrostatic latent image into an image formed of 
toner, that is, a visible image* 

As a means for supplying the development 
roller:.. 5. with toner, in addition to the cihove - 
described stripping -supplying roller 13 disclosed In 
Japanese Patent Application Publication 6- 16210, there 
are a few conventional toner supplying means based on 
the prior arts. For example, Japanese Laid-open 
Patent Appii^^ 2-101485 discloses a toneiv 

supplying means In the form of a rotatable member^ the 
perlphex-al surface is rough, and which is not placed 
in contact with the development roller, and Japanese 
Laid-open Patent Application 8-179608 discloses a 
toner supplying means in the form of a polygonal 
shaft, which is not placed in contact with the 
development roller 5. 

Also as the toner supplying means based on 



±lx& prior art, there is a toner supplying means in Llie 
Xorm of a piece of wire disposed in a developing 
apparatus^ wiiicii is disclosed in Japanese I.aid-open 
PaLeat Applications 56-123573, 56-123574. and 6-51623. 
Japanese Laid-open Patent Applications 56-123573^ 56- 
123574 are related to a development meLHod employing a 
magnetic brush, and disclose a Loner supplying means 
whicli employs a piece of wire Lo magnetically or 
meclAax'xically stir a magnetic brusli. Japanese Laid- 
open Patent Application 6-51623 discloses a toner 
supplying means in tlie Torm of a piece of wire wliicht 
is used for stripping, by tbe mechanical contact 
pressure or electrically induced vibrations^ the toper 
on a development roller, to wbxch AC voltage is being 
applied. These patent documents, however, do not 
mention any of the following discoveries which were 
made by the inventors of the present invention, 
through the intensive studies carried out by the 
inventors, and which will be described later; JTor 
example, the effect ol the electrical discharge 
induced through the body of toner packed between the 
piece of wire and development roller, upon the 
efXiciency with which the development roller is 
supplied with the toner, the ellects of the toner flow 
and toner supplying now created in the adjacencies of 
the piece of wire, upon the efficiency with which the 
development roller is supplied with toner, the problem 



whicli -the piece ol wire creaiies wlien -the vol Lage 
applied between 1^ne development roller and wire is 
substantially greater than tbe discharge Lliresbold 
voltage, in otlier words, when the amount o£ current i 
greater. 

A development method, such as the one 
disclosed in the alorementioned Japanese Laid-open 
Patent Application 5-16210, which employs a stripping 
supplying roller 13 as a developer supplying memher, 
was problematic in that there is a dillerence in 
peripheral velocity between the development roller 5 
and stripping-supplying roller 13, which causes the 
peripheral surfaces oI the two rollers to rub against 
each other, increasing thereby the amount of the 
tor<3ue necessary to drive the developing apparatus 4, 

In the case oI the methods, disclosed in the 
aforementioned Japanese liaid-open Patent Applications 
2-101485 and 8-17960S, for supplying the development 
roller 5 with toner, the developer supplying member is 
not in contact with the development roller 5. 
Therefore, these methods seem to be smaller in the 
amount of torque necessary to drive the developing 
apparatus 4. However, they still require the force 
necessary to rotatlonally drive the developer 
supplying member, being therefore as complicated as 
the method disclosed in Japanese Laid-open Patent 
Application S-16210, from the standpoint of the 



meclianisitt for clriving tlie various xaovlng meml>&r6. 
Also in tlie case or tlie meLliods disclosed in Japanese 
LA±^~op&ii Patent AppiJ_caLions 2-XC1485 and 3-179608, 
tilie developer, supplying member which has a cecLain 
amount of volume is positioned in the adjacencies of 
the development roller 5, with no contact l^etween Lhe 
two, adversely aXXecting the eXIort to reduce the 
developing apparatus 4 in size. 

Further, as voltage was applied Lo Lhe 
developer suppxYi-tig member In. order to supply Lhe 
development roller 5 with developer, Lhe electric 
current which Tlowed from the developer supplying 
member to the development roller sometimes became 
nonuniform due Lo local current leaks ^ reducing 
thereby the level of uniformity at which developer was 
supplied Lo the development roller • This 
npnunifprroity in the amounL by which developer was 
supplied sometimes resul Led in the formation of a 
st reaky Imag e . 

Also as voltage was applied to the developer^ 
supplying mexTiber to supply Lhe developmenL roller 5 
wl?^*^.<^€?y<3Llpper, the elecLrical currenL which flowed 
from the developer supplying member to Lhe developAienL 
roller sometimes affecLed the development potential, 
enough to cause the image forming apparatus to yield a 
defecLive image such as a foggy image. 
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SUMI^ARY GF THE INVENTION 

Tlie primary object or Llie present invention 
iB to provide a developing apparaLus wliicli aoes not 
su££er from tiie problem that tHe level of uniTormity 
an<i consistency at which developer is supplied to the 
developer carrying member is reduced by bhe local 
current leaks from the developer supplying member to 
the developer carrying member. 

Another object of the present invention is to 
provide a developing apparatus which does not 
contribute to the XormaLion of a defective image- such 
as a streaky image* 

Another object of the present invention is to 
provide a developing apparatus which does not suffer 
from Lhe problem that the development potential is 
affected .by -the electrical current which f lov;s from 
the developer supplying member to the developer 
carrying member « 

Another object of the present invention is to 
provide a developing apparatus which does not 
contribute to the formaLion of a defective image, such 
as a foggy image. 

Another object of the presenL invention is to 
provide a developing apparatus which is stable in the 
amount by which the developer carrying member is 
supplied, with developer. 

Another objecL of the present invention is to 



provide a developing appaira-Lus whlcli is capal^Xe or 
uniformly ciiarglng the developer- on Llie developer 
carrying xuember , In proportion to ttie rate of 
dlscliarge Irom the developer carrying member. 

Another object ol the present Invention is to 
provide a developing apparatus which is smaller in the 
amount of the torgue necessary to drive it, is simple 
in structure, and is smaller in size. 

These and other objects^ features^ and 
advantages of the present Invention will become iaore 
apparent upon consideration of the following 
description of the preferred embodiments of the 
present invention^ taken in conjxinction with the 
aocompai'iy ln0 drawings • 

SRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic sectional view of the 
image forming apparatus in the first embodiment of the 
present invention. 

Figure 2 is a schematic sectional view of the 
developing apparatus in the first embodiment of the 
present Invention, 

Figure 3 is a graph which shows the 
relationship between the potential difference between 
the development roller and toner supplying member, and 
the amount of the electrical current which flows 
between the development roller and toner supplying 
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Figure 4 Is a dxrawlng Tor describing tlie 
measurement sy&hem used for obtaining tlie results 
sliown in Figure 3. 
5" Figure 5 is a ^cliematic sectional view £or 

depicting the role or t&e toner supplying member in 
tlie toner supplying process. 

Figure 6 is a schematic sectional view for 
depicLir^g tlie role oC tlie toner supplying member in 
10 the toner supplying process. 

Figure 7 is a schematic sectional view for 
depicting the role of the toner supplying meraber in 
the toner supplying process. 

Figure 8 is a schematic drawing for 
13 describing the apparatus Zor measuring the properties 
of the development roller. 

Figure 9 a schematic sectional view of the 
functional layers of the development roller, showing 
the laminar structure thereof^ 
20 Figure 10 is a graph showing the erfects of 

the changes in the resistance (R1/R2) and electrical 
potential attenuation ratio (V2/V1), upon the 
formation of an image suffering from the streaks 
attributable to current leaks « 
25 Figure 11 is a graph showing the effects of 

the changes in the resistance (R1/R2) and electrical 
potential attenuation ratio (V2/V1), upon the density 



ljrregularlt.y and fog. 

Figure 12 is a scliemaLic sec-fcional view oT 
the image rorxniriQ apparatus in Llie second embodiiueni: 
or the present invention. 

Figrure 13 is a schematic secLional view of 
the process cart:ricige in the second embodiment of the 
present invention. 

Figure 14 is a schematic sectional view ox a 
typical developing apparatus in accordance with the 
prior art* 

DETAILED DESCRIPTION OF THE PREFERRED EiynaQDINT?!WTfi 

Hereinafter^ the preferred eiuhodiments a£ the 
present invention will he described in detail with 
reference to the appended drawings. 
Embodimen L 1 

Figure 1 is a schematic sectional view of the 
image forming apparatus in the first embodimen L of the 
present invention • The image forming apparatus 100 in 
this ei'abodiment is a laser beam printer^ which forms 
an image on recording medium such as a recording paper 
or OHF sheet, with the use of one of the 

electrpphoLographic recording methods, in accordance • 
with the image forming data from an external host, 
such as a personal computer, an original reading 
apparatus, etc. , connected Lo the main assembly lOOA 
of the image forming apparatus 100 in a manner to 



allow inrormation Lo be exchanged between Liie two 
apparatuses • 

First, referring to Figure I, the xmage 
rorming apparatus will he described regarding general 
;Btructure and operation. The image Xorming apparatus 
iOO is provided with an electrophotographic 
photosensitive xuewiber, as an image hearing member 1, 
which is in the form oX a drum (which hereinafter will 
be referred to as "photosensitive drum 1"). It is 
also provided with a charge roller 2 as a charging 
means, an exposure optical system 3 as an exposing 
means / a developing apparatus 4 as a developing means, 
a transfer roller 9 as a transferring means, a 
cleaning blade 10 as a cleaning means, a waste toner 
container 11, etc, which are disposed in a manner to 
surround the peripheral surface of the photosensitive 
drixm 1. The exposure optical s:^stem 3 comprises: a 
laser based exposing apparatus 3a,, a reflection mirror 
3b , etc ^ 

The photosensitive drum 1 is rotated in the 
direction indicated by an arrow mark ixi the drawing, 
and is uniformly charged to -600 V by the charge 
roller 2 which is supplied with the electrical power 
from a high voltage power source (unshown). The 
charged peripheral surface of the photosensitive drum 
1 is exposed to a beam of laser light L projected from 
the laser based exposing apparatus 3b and reflected by 



■the rellection mirror 3b. As the charged peripheral 
surrace of -the phoLosensitive drum 1 is e^cposed Lo the 
beam of laser light L, the numerous points on the 
peripheral surface of tiie photosensitive drum 1 are 
reduced in electrical potenLial to -100 V, As a 
results an electrostatic latent image is formed on the 
phoLoeensitive drurii 1. Then, this electrostatic 
latent image is developed by the developing apparatus 
4, More specifically, in Lhe development station N, 
the development roller 5 as a developer carrying 
luepjber or Lhe developing apparatus 4 Is in contact - 
with the photosensitive drum 1. As a voltage of -40G 
V is applied to the development roller 5* the toner on 
tiie development roller 5 is adhered to the 
electrostatic latent image on the photosensitive drum 

„by the potential difference created between the ^ 
development roller 5 cuid photosensitive drum 1, 
developing thereby the latent image into an image 
formed oX toner, that is, a visible image. This 
process of developing the latent image will be 
deser ibed. later in more detail . The peripheral 
velocity of the development roller 5 is set to be 
faster than that of the peripheral velocity at the 
photosensitive drum 1; it Is set to a value equal to 
roughly 110 - 170 % of the peripheral velocity of the 
photosensitive drum 1. In other words, the 
development roller 5 is rotated at a predetermined 



perlpliez^al veiociLy to provide a cerLain amount: or 
difference in peripheral velocity l^eLween trlie 
development roller 5 and pliotosensil:! ve drum 1. 

Meanwliile, recording mediiuns P (recording 
medxum on wlaicli liuage Is formed), sucli ais recbrdixig 
papers are laoved one by one out ol a cassette 14a as a 
recording medium storage portion by a recording medium 
feeding roller 14b, Tlien, tlie recording mediums P are 
conveyed, in syncbroniBin witli tbe formation of the 
toner image on the pbo Losensitive drum 1, through the 
recording medium conveying portioxi 14d, by a pair of 
registration rollers 14c, to the transfer station T 
(transferring portion), in which the transfer roller 9 
is kept pressed against the peripheral surface of the 
photosensitive drum 1. In the transfer station the 
toner Image on the photosensitive drum 1 is 
electrostatically transferred onto the recording 
medium P by the transfer roller 9 being supplied with 
elect rioai power by a high voltage power source 
( unshown ) • 

After the transfer of the toner Image onto 
the recording medium P^ the recording medium P is 
separated from the photosensitive drum 1, and is 
conveyed to a fixing apparatus 13 through the 
recording medium conveying portion 14e« In the fishing 
apparatus 13, the toner image (unfixed) on the 
recording medium P Is fixed to the recording medium P 



lL>y lieat and pressux-e. After the rixatJLon of the toner 
image to Lhe recorcaing medium F, the recording mediufii 
P is discharged out of the apparatus main assembly 
iOOA l:>y a plurality of pairs of recording medium - 
discharging rollers 14f • 

The transfer residual toner particles^ that 
is^ the toner particles remaining on the peripheral 
surface of the photosensitive drum 1 without being 
transferred onto the recording medium P are stored as 
waste toner 12 in the waste toner container 11 hy the 
cleaning hlade 10; in other words, the peripheral 
surface of the photosensitive drum 1 is cleaned. 
After the cleaning, the cleaned portion of the 
peripheral surface of the photosensitive drum 1 is 
used for the image forming process to be carried out 
during the following rotation oX the photosensitive 
drum 1« 

Next, the developing apparatus 4 in this 
embodiment will be described in uiore detail, with 
reference to Figure 9, which is a schematic sectional 
view of the developing apparatus in this embodiment. 
The developing apparatus 4 is provided with the 
developer container 8 which holds the toner 7, which 

AS ^^i^i^ptric, nonmagnetic, and single-component 

developer. The developer container 8 is provided with 
an elongated hole, which faces the photosensitive drum 
1 and extends in the lengthwise direction of the 



photosensitive driim 1. Tlie development roller^ 5 as a 
developer carrying mem£>er is disposed so tliat iL is 
parLliilly exposed from Liie developer csoxiLainer S 
tlirougli LUe elongated liole. There Is provided a toner 
supplying meiriber (toner supplying electrode) 20 Tor 
supplying the development roller 5, as a developer 
supplying meiQl>er, with the toner 7* The toner 
supplying meuODer 20 is extended ixi the lengthwise 
direction of the development roller 5, in parallel to 
the axial line o£ the development roller 5. 

Within the developer container 8, the toner 
stirrincj member 15 is provided, which is a piece of 
plate rotatable in the direction indicated by ah arrow 
mark in the drawing « The toner stirring member 15 
also xunctions as the means for conveying the toner 7 
in the developer container 8, toward the development 
roller 5, 

Also disposed within the developer container 

8 is the developer container partitioning member 16, 
which is optimi:ied in heigbt so that the amount oi the 
toner 7 which remains in the adjacencies of the 
development roller 5 and toner supplying member 20 
after. being supplied thereto by the toner stirring 
member 15 will remain roughly constant. 

The development roller 5 is rotational ly 
driven by the driving means of the apparatus main 
assemblylOOA (unshown) in the direction indicated by 



an arrow mark In the drawing at a peripheral velocity 
-of' 100 ami/ sec. As Llie developmeiiL roller 5 is 
rotated^ tlie Loner 7 carried on LUe peripheral surface 
of Llie development roller 5 is oXXered to the 
photosensitive drum 1, as the object to be developed, 
which is outside the developing apparatus 4. 

The development roller 5 is connected to a 
developer hias power source 22 as a voltage applying 
means. The bias voltage applied to the development 
roller 5 is adjusted so that the toner 7 on the 
development roller 5 is stripped away from the 
deveiopmerit roller 5 and moved to the photosensitive 
drum 1 by the electric field created between the 
photosensitive drum 1 and development roller 5 by the 
bias voltage. In this embodiment, the development 
bias is an DC voltage of -400 V. 

In order to form a thin layer of the toner 7 
uniform in thickness, the regulating blade 6 is 
disposed in contact with the peripheral surface of the 
development roller 5. The regulating blade 6 is a 
member Tor regulating the amount by which developer is 
mounted on the peripheral surface of the development 
roller 5. It is a piece of thin stainless steel plate 
with a thickness of 200 pm. It is disposed in contact 
with the peripheral surXace of the development roller 
5 so that the contact pressure between the development 
roller 5 and -regulating member 6 remains relatively 
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' uniroriu across t:lie enLl range of the con-hact: area. 

At Ltils L±me, ttie role tiie toner supplying 
meraber 20 plays in supplying the development roller 5 
witii tlie toner 7 will be described* 

In Lliis eiiibodlment , tlie aiaount by wblcli tbe 
toner 7 is conveyed to Lhe development station in 
wlilcli Lbe peripheral surfaces of the photosensitive 
drum 1 and development roller 5 are virtually in 
conLacL with each other, LhaL is, the amounL by which 
the toner 7 is carried by the peripheral surface of 
the development roller 5, per unit area^ is set to 
roughly 0.6 mg/cm^. The Loner 7 is desired to be a 
noinriagneLic single-component developer with an average 
particle diameter of 5-15 Ma\. In this embodiment, a 
nonmagnetic single-component developer which is 
inherently negatively chargeable and is 7 in 
average particle diameter is used. The amount or the 
electrical charge carried by the toner 7 in this 
exTtbodiment is roughly -30 iiC/g. 

The average particle diameter of the toner 7 
was iueasured in the Tollowing manner. First., a 
Coulter counter TA-II, a Coulter multisizer (Coulter 
Co., Iitd.)' or the like was connected to an interface 
(X^lkkaki Co., Ltd.) for outputting the number 
distribution and volume distribution, and a personal 
computer PC9 801 (NEC). Then, 1 % water solution of 
sodium chloride was prepared as an electrolyte using 



rirsL class sodium cliloridfe. Tlien, 0.1-5 ml aL 
surfacLcinL (preferably, one of alkyli^enzene 
sulf oziat:es) ^ as a dlspersant/ was added Lo lOO - 150 
ml or Lhe al>ove described water solution of sodlom 
cblorlde as an elecLroly-te, and Lben^. 2 - 20 mg of 
Lest sample was added to tlie ml^Lure. Then, Lite 
electrolyte ±n wblch LUe te&t sample was suspended was 
subjected Lo an ultrasonic dispersing device for 
roughly 1-3 minutes. Then, the number of Lhe toner 
particles, the volume or which was no less than 2 j-ua, 
was counted with the use of the CoulLer countex- TA-II,- 
Tor exctmple, fitted wi Lh a IQO aperLare. Then, the 
volume dlstx^lbution of the toner 7 was obtained. 
Then, the weight average particle dlaimeter of the 
toner 7 was obtained as the average particle diameter 
of the toner 7. 

The amount of the electrical charge oX the 
toner 7 was obtained In the following manner. The 
toner 7 on the peripheral surlace of the developraent 
roller 5 was collected; it was sucked up by a 
collecting tool. The collecting tool was fitted with 
a Aieiiobrane filter. The toner 7 was suctioned with a 
force of 200 mmH20, and was collected on the lilter. 
The collecting tool was coruiected to an electrometer 
CHode 617, KEITHKEY Co., Ltd*), which measured the 
total amount of the electrical chazrge of the collected 
toner. More specifically, the amount of the collected 
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Loner wae obtalx^ed l>y caleulat;liig Llae increase in tzie 
weight of the Xilter, and tlie to Lai amoi^L of the 
electrical charge was ciivided by the weight or the 
collected toner to obtain the average amount or 
electrical charge per unit weight of toner, as the 
amount oT toner charge. 

One Ox the preXerable materials for the toner 
supplying member 20 is a piece of electrically 
conductive wire. In this embodiment^ a piece of 
tungsten wire which is virtually circular in cross 
section and is 0,1 iinn in diameter is employed as the 

toner supplying member 20. The toner supplying member 

i 

20 is stretched virtually in parallel to the axial 
direction of the development roller 5 across the 
entirety of the Loner carrying range of the 
dev^elopment roller 5. 

The toner supplying member 20 is disposed so 
that when there is absolutely no toner 7 in the 
developer container S, and the development roller 5 is 
not being driven, the toner supplying member 20 will 
be in contact with the development roller 5, or no 
more than 0.5 mm away from the development roller 5. 
When the developing apparatus 4 is normally operating, 
the adjacencies or the toner supplying member 20 
remain rilled with the toner 7. 

aven when the toner supplying member 20 is 
disposed so that it will be in contact with the 
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d^velopment roller 5 wlien tJnere is no toner 7 in tlie 
developer conl:axner 8 and tiie development roller 5 is 
rxot being driven , it is disposed so tliat: tlie contacL 
pressure beLween the two components will be small 
enougli Tor LUe toner supplying member 20 to be kept 
away^ by a distance equal to several times tlie average 
particle diameter or tbe toner, by L2ie toner now 
wbich will be created by tbe Loner 7 adbering to the 
peripheral surXace of the developmenL roller 5, as the 
development roller 5 is rotational ly driven- 

The toner supplying member 20 is connected to 
a toner supplying bias power source 21 as a voltage 
applyixig means. The toner eupplying^ bias is applied 
to the toner supplying member 20 rrora the toner 
supplying bias power source 21, so that at least 
during a developing process, the potential difference 
between the toner Supplying member 20 and development 
roller 5 will remain no less than the threshold 
voltage Tor electrical discharge* The toner supplying 
bias power source 21 applies to the Loner supplying 
member 20 such voltage that causes electrical curr-ent, 
which is the same in polarity as that of the^ ..toner . 7, 
to flow from the toner supplying member 20 to the 
development roller 5- In this embodiment, such Loner 
that is negative inherent polarity is used as the 
toner 7. Therefore, the voltage applied to the toner 
supplying member 20 from the toner supplying bias 



-24- 

power source 21 is such voltage tUaL causes negaiiive 
current to Tlow from tlie Loner supplying meaiber 20 to 
tiie dLevelopineni: roller 5. In other words, tlie 
polarity of "toner supplying bias - development bias" 
is the same as Lhat of the polarity or the toner 
charge . 

To describe in more detail with reference to 
Figures 3 arid 4- Figure 3 dhows the relationship 
between the values of the electrical current which 
flowed through the toner supplying member 20 as the 
development roller 5 of the developing apparatus 4 in 
this embodiment was rotated at the aXorementioned 
peripheral velocity (100 Aim/sec), and various levels 
at which voltage was applied to the toner supplying 
member 20. Figure 4 shows the systera used for 
measux^ing the amount of the electrical current. In 
the case of the system shown in Figure 4, the positive 
side of the vol tmeter 23 was connected to the 
development roller 5, and the negative side was 
connected to the toner supplying member 20, whereas 
the positive side of the ammeter 24 was connected to 
the toner supplying meiuber 20 and the negative side 
was connected to the toner supplying bias power source 
21. In other words, if the polarity of the current is 
positive in Figure 3, it means that current flows from 
the development roller 5 to the toner supplying member 
20. In this embodiment, however the toner with 



negatilve Iniiereni: polarity is used as tlie -toner 7- 
Ttierelore, tlie curx^enL whicli flows from Lixe toner 
supplying member 20 Lo Llie development roller 5 Is Lne 
same in polarity as Lhe cliarge ol Llie toner 7, and 
tlierefore, negative current flows from Llie toner 
supplying member 20 to the development roller 5. 

KeXerring to Figure 3, as tlie difference 
between tbe potential levels or tne developxaent roller 
5 and toner supplying meiiiber 20 measured by tne 
voltmeter 23 is gradually Increased, current begins to 
flow wben the dirierence reaches a certain value 
(wUich hereinafter will be referred to as "^discharge 
threshold voltage"). This value as the discharge 
threshold voltage Is obtained in the Xol lowing manner. 
That is^ while rotating the development roller 5 at a 
peripheral velocity of Vp [mm/sec] , the amount of the 
current which flows between the toner supplying member 
20 and development roller 5 is measured in relation to 
the potential difference between the toner supplying 
member 20 and development roller 5* Then, sever^al 
points on the ajscis representing the. potential 
difference between the toner supplying member 20 and 
development roller 5 are selected from the range in 
which no less than 0-04 Vp [kiAj flows, and the current 
values corresponding to the potential differences at 
the selected points are obtained. Then^ a 
mathematical formula assumed to represent the linear 
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xelaLionsliip between Llie potential difference anci fche 
curreni: value is obtained, TJi&n, tne value of tlie 
point (potential dif Xerence) , at wbicH the current 
value calculated Trom tbe mathematical formula becomes 
zero, is assumed to be the discharge threshold 
voltage. As for the discharge threshold voltage E In 
this embodiment, three points (F, G, and H) were 
selected from the range, on the axis of abscissas, in 
which no less than 4 \xA flowed, and the mathematical 
formula was obtained for a straight line approximating 
the assumed linear relationship between the potential 
difference between the toner supplying member 20 and 
development rollex" 5, and the amount of the current 
between the toner supply^ing member 20 and development 
roller 5. Then, the discharge threshold voltage B was 
obtained from this mathematical formula; it was 
roughly 1,210 V- From the standpoint of the accuracy 
of the calculated discharge threshold voltage, the 
points to be selected for estimating the linear 
relationship are desired to be in the range in whidi 
the current value is relatively small, that is, in the 
range in which the current value is no less thaui 0.04 
Vp [pm] and no more than 0.04 Vp [iimj x 10. 

That is, normally, the amount of the toner 7 
carried on the peripheral surface of the development 
roller 5< per unit of area, in the developing 
apparatus (nonmagnetic single-component developing 
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apparaLufi} which a&e& noiunagneLlc slngle-componexiL 
developer ±5 desired to be roughly 0.6 mg/cm^, and the 
amounL or the toner charge of the toner 7 2>e±ng 
carried on the peripheral surface of the development 
roller 5 is desired to be roughly -30 MC/g. The 
length of the development roller 5 of a developing 
apparatus capable of handling recording medium P ol A4 
sl2ie is roughly 230 mm, and that lor a developing 
apparatus capable of handling recording medium P of A3 
si:6e Is roughly 320 mm. Thus, the axnount by which the 
electrical charge is moved (equivalent to electrical 
current)^ per unit of tlme^ by of the toner on the 
peripheral surface of the development roller 5 is 
desired to be 0.0414 Vp l^C/^J and 0.0576 Vp [^C/&3 
for developing apparatuses capable of handling 
recording medium P of A4 sl:4e and A3 sl^^e^ 
respectively. 

It is possible that even when the potential 
difference between the toner supply member 20 and 
development roller is no more than the discharge 
threshold voltage, current will flow as dark current 
at these levels. Therefore, the discharge threshold 
voltage can be obtained by measuring the current value 
in the range in which the amount of the current is no 
less than these values. The studies made by the 
inventors of the present invention revealed the 
following. That is, the discharge threshold voltages 
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for <aeveloping app^ra1:uses enabled to handle recording 
medium the size or which falls in the range of A4 to 
A3 can I>e approximated by selecting the aforementioned 
points on the asiis o£ abscissas, from Lhe range in 
which no less than 0.04 V [|iA] flows. The discharge 
threshold voltages for developing apparatuses enabled 
to handle recording medium of no less than A3 size can 
be obtained simply by compensating the discharge 
threshold voltages for the apparatuses for A4 to A3 
sXk;es for the difference in size. Although the 
discharge threshold voltage is affected by the ■ 
materials for toner, materials for the surface layers 
of the toner supplying member 20 and development 
roller 5, distance between the peripheral surfaces of 
the toner supplying member 20 and development roller 
5, and the like factors, it generally falls in the 
range of lOO - 2,000 V. 

In order to study in detail the consumption 
of the toner 7 on the development roller 5, and the 
role the toner supplying member 20 plays in supplying 
the peripheral surface of the development roller 5 
with toner, the following experiments were carried 
out. That is, referring to Figure 4, the development 
roller 5 was partially exposed from the developer 
container S, on the downstream side of the contact 
area between the regulation blade 6 and development 
roller 5, in terms of the rotational direction of the 
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detvelopmenL roller 5, and tlie Loner 7 on the 
peripheral surface or the developmenL roller 5 was 
suctioned up with Lhe use o£ a vacuufli cleaner, across 
virtually Lhe entire ran^e o£ Lhe developmenL roller 5 
(in terias of axial direction), {at the poinL indlcaLed 
by arrow mark B in Figure 4)^ at various levels of Lhe 
po-tential difference between Lhe toner supplying 
member 20 and developinent roller 5, while measuring 
Lhe current values with Lhe use oX Lhe measuring 
system ishown in Figure 4, in order Lo study Lhe 
condiLion of the Loner layer on the peripheral surface 
of Lhe developmenL roller 5, on the upstream side a£ 
the poinL of the sue Lion (point indicated by arrow 
mark B in Figure 4), 

In the ejcperiment in which tiie current value 
was seL Lo no more Lhan roughly 0*O4 Vp [W*] (4 mA in 
this embodimenL), for example, 1 pn, and the Loner 7 
on Lhe peripheral surface oX Lhe development roller 5 
was sucLioned in the manner described above, for a 
length or time equivalent to a single rotation of Lhe 
development roller S, the amounL of the Loner which 
was on Lhe peripheral surface of Lhe development 
roller 5 during Lhe second roLation, and thereafter, 
was clearly smaller than Lhat during the first 
rotation. In other words, the amount by which the 
toner 7 was coated on a given point on the peripheral 
surface oX Lhe development roller 5 while Lhe given 
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polnt was moved inward of tlie developer container 8, 
was noL large enougli -to compenea-te Tor -the amount: I>y 
will oil tUe toner 7 was suctioned away by Ltie vacuuikE 
cleaner « 

However, as the potential difference between 
the development roller 5 and toner supplying member 20 
was gradually increased, tlie peripheral surface of the 
development roller 5 began to be seen partially coated 
with the toner 7; the amount by which the peripheral 
surface of the development roller 5 was coated with 
the toner 7 began to partially compensate for the 
amount by which the toner 7 on the development roller 
5 was suctioned away by the vacuum cleaner, even 
during the second rotation of the development roller 5 
and thereafter . 

As the 0.08 Vp [joA] (8 |jlA in this embodiment) 
of current was flowed by increasing the potential 
clirierence to 1,350 V, the development roller 5 began 
to be coated with the toner 7 across the entirety of 
the peripheral surface of the development roller 5. 
As will be evident from the above description, in 
order to supply the entirety of the peripheral surface 
of the development roller 5 with the toner 7, it is 
desired to flow no less than 0.08 Vp lpA] of current 
between the development roller 5 and toner supplying 
member 20, in considex^ation of discharge rate, which 
will be described later. 



Figure 5 schematically showd the flow or the 
toner 7 in the adjacencies of the toner supplying 
member 20 while toner supplying bias is not applied. 
When there is no toner 7 between the development 
roller 5 and toner supplying meiober 20, and the 
development roller 5 is not being roLated, Lhe toner 
supplying member 20 is virtually in contact, or 
actually in contacL^ with Lhe development roller 5. 
As the development roller 5 begins to be rotated in 
the direction indicated by an arrow mark R in the 
drawing, the toner 7 gradually begins to adhere Lo the 
peripheral surrace of the development roller 5, 
creating thereby a toner current Ft which flows along 
the peripheral surface of the development roller 5. 
This toner current Ft generates such a force that acts 
in Lhe direction Lo push the toner supplying member 20 
away from the development roller 5, creating a gap 
between the developmeiiL roller 5 and toner supplying 
member 20^ Lhrough which Lhe toner 7 flows. 

In the case of a developing apparatus in 

which the Loner supplying member 20 Is formed of 
dielecLric substance such as Nylon thread or the like^ 
as the toner 7 on the peripheral surface of the 
development roller 5 is consumed, that is, as the 
Loner 7. on the peripheral surface of the development 
roller 5 moves onLo the photosensitive drum 1 as the 
object of development (equivalent to above described 
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st:z:lpplng i>y vacuum cleaner), while no potential 
difference is provided between tlie toner supplying 
laeiQliier 20 and development roller 5^ the toner 7 
dimxnl&he& from the peripheral surface of the 
development roller 5, exposing thereby some areas of 
the peripheral surface of the development roller 5. 
As a result, the flow of the toner 7 suddenly weakens. 
Thereafter, IL takes 2-5 rotations of the 
development roller 5 for the toner flow F5 to he 
strengthened by the adhesion of the toner 7 to the 
peripheral surface of the development roller 5^ which 
gradually occurs due to the chance contact between the 
lioner 7 and peripheral surface of the development 
roller 5. In other words, once the toner 7 on the 
peripheral surface of the development roller 5 is 
consumed, it takes several rotations of Lhe 
development roller 5 for the toner layer Lo be 
r^eformed on the peripheral surface of Lhe development 
roller 5, making it impossible for the development 
roller 5 to continuously supply the photosensitive 
drum 1 with the toner 7- 

Figure 6 shows the staLe of the electrical 
field generated when a certain amount of potential 
<iifference is provided between the toner supplying 
member 20 and development roller 5. As the potential 
<^i^-Cerence is provided between the toner supplying 
member 20 and development roller 5, the charged toner 



7 is saL>jec1:ed Lo tlie Torce of Llie electrical fieXci 
generated by the potential difference . in tliis 
embodiment, the Loner 7 is such Loner that is negative 
in inherent polarity. Therefore, the Loner 7 is 
subjected to such a force Lhat acLs in the direction 
to move the toner in the direction opposite to the 
direction of the arrow marks (arrows showing direction 
of electrical field) in Figure 6. m other words, the 
toner 7 is subjected to such a force that acts in the 
direction to supply the toner to the development 
roller 5. 

However, this force is insufficient to supply 
the dev^elopment roller 5 with a proper amount of the 
toner 7 Xor the following reason. That is, even 
though the toner 7 is such Loner that is negative in 
inherent polarity, the amount of the average 
electrical charge which the toner 7 carries is 
relatively small, unless the toner 7 is charged with 
the use of some kind of charging means. Thus, when 
the potential difference is no more than the discharge 
threshold voltage, the amount of the force to which 
the toner 7 is subjected by the electrical field 
created between the Loner supplying member 20 and 
development roller 5 is relatively small • Therefore, 
the amount by which the improvement is made in terms 
ol Lhe efficiency with which the development roller 5 
is supplied with Lhe toner 7, by providing the 
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pot^tial difference between the Loner supplying 
member 20 and development roller 5 1^ not substantial. 
More specirically, the number of times the development 
roller 5 had to be rotated in order to restore the 
toner layer on the development roller 5 to the 
satisfactory condition after the consumption of the 
toner layer was two times, when the potential 
difference was provided between the toner supplying 
member 20 and development roller 5, whereas it was 
three times when no potential difference was provided 
between the toner supplying member 20 and development 
roller 5. In other words, even if a diXIerence in 
potential is provided between the boner supplying 
member 20 and development roller 5, the development 
roller 5 is not continuously supplied with a 
satisfactory amount of the toner 7, as long as the 
potential difference provided between the toner 
supplying member 20 and developuient roller 5 is no 
more than the discharge threshold voltage - 

As the potential diTference is increased past 
the discharge threshold voltage, a substantial mount 
of negative current begins to Clow from the toner 
supplying member 20 to the development roller 5, and 
also, the toner 7 begins to be attracted to f roia the 
toner supplying member side to the development roller 
side, remarkably increasing the amount by which the 
toner 7 is supplied to the development roller 5* As a 
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result, Lne toner layer on the peripheral surrace of 
the <aevelopmenL roller 5 is immediately replenished 
with the toner 7 arter the consuiopLion or the toner 7 
on the development roller 5, in other words, the 
developmexit roller 5 is continuously supplied with a 
satisfactory amount of the toner 7, 

The mechanism of the flow of negative current 
from the toner supplying memher 20 to the development 
roller 5 is thought to he as follows. That is, when 
the potential difference between the toner supplying 
laeffiher 20 and development roller 5 is no' less than the 
discharge threshold voltage, the gases in the air in 
the body of the toner between the developraent roller 5 
and toner supplying meAiber 20 is ionized. The 
positive ions lose their charge as they collide with 
the toner supplying meiober 20, whereas the negative 
ions move toward the development roller 5, negatively 
charging the toner 7 as they collide with the toner 7. 
The negative ions which did not collide with the toner 
7 reach the development roller 5 and lose their 
charge. This seems to be the aiechanism which induces 
electrical current . 

reason why the efficiency with which the 
development roller 5 is supplied with the toner 7 
suddenly increases is thought to be as follows. That 
is, the electrical discharge suddenly increases the 
ratio of the charged toner 7 in the body of the toner 
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in -fclie adjacencies or tHe toner supplying mefiuier 20, 
suddenly increasing Lliereby the amount: of the pressure 
applied Lo the body or the toner 7 hy the electric 
field formed hetween the development roller 5 and 
toner supplying memher 20, in the direction to move 
the hody of the toner 7 toward the development roller 
5, As a result, the toner 7 suddenly begins to riow 
toward the development roller 5, by a larger amount ; 
the amount hy which the development roller 5 is 
supplied with the toner 7 suddenly increase • 

To cl^^c^J^itie in more detail with reference to 
Figure 7, which schematically shows the pattern of the 
toner flow which occurs between the development roller 
5 and toner supplying member 20 when the potential 
difference hetween the developmexit roller 5 and toner 
supplying member 20 is no less than the discharge 
threshold voltage, when the potential difference 
between the development roller 5 and toner supplying 
member 20 is no less than discharge threshold voltage, 
the toner 7 in the adjacencies of the Loner supplying 
member 20 is charged, being thereby pressured toward 
the development roller 5 by the electric field. Thus, 
even if voids are created along the peripheral surface 
of the development roller 5 due to the consumption of 
the toner 7 thereon, the toner supplying flow Fq is 
immediately formed between the development roller 5 
and toner supplying member 20 by the charged toner 1 , 



arid then, the toner supplying flow is created on 
the downs Lream side or tlie tozxer supplying member 20, 
Tlie pressure wiilcl:! acts in Llie direction to supply the 
development roller 5 with the toner 7 is thought to be 
increased hy Lhe comblnaLion of these toner supplying 
Xlows Fq and Fj, making it possible to continuously 
supply the development roller 5 with a satisfactory 
amount of the toner 7. 

As will be evident from the above 
description, in order for the development roller 5 to 
be Supplied with a satisfactory amount of the toner 7 
by the toner supplying member 20, it is important for 
the iTollowing two conditions to be satisfied: 

(1) The toner 7 In the adjacencies of the toner 
supplying member 20 is properly charged; and 

(2) The electric field is pr^ovided to pressure 
the charged toner 7 toward the development roller 5. 

Kere, a case in which such Loner as the toner 
in this exubodiment that is negative in inherent 
polarity is used as developer will be described. In . a 
case in which the toner 7 is such toner that is 
positive in inherent polarity, the potential 
<5ifference to be provided between the toner supplying 
member 20 and development roller 5 should be such a 
<ii^^^-c^ce that is created by setting the potential 
levels of the toner supplying member 20 and 
development roller 5 so that the value of the 
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poLential or the toner supplying member 20 is on tn^ 
positive side of tne value oi: the potential level of 
the aevelopment roller- 5. In comparisorx, in a case in 
whicii the toner 7 is such toner that is negaLive in 
Inherent polarity, as is in this eroboaiment, the 
potential difrerence to 2>e provided between the toner 
supplying member 20 and development roller 5 is 
created by seLtlng the potential levels of the toner 
supplying member 20 and development roller 5 so Lhat 
the value of the potential of the toner supplying 
member 20 is on the negative side or the value of the 
potential of the development roller 5. in other 
words ^ when the inherent polarity or the toner 7 is 
ppsiiiive, the difference in potential between the 
15 toner supplying member 20 and development roller 5 has 
only to be established to be opposite to that 
established when the inherent polarity of the toner 7 
is negative. Even when Loner positive ±xi inherent 

polarity is used, there is a discharge threshold 

voltage as there is when toner negative in inherent 
polarity is used. Thus, even if toner positive in 
inherent polarity is used, the development roller 5 
can be continuously supplied with a satisfactory 
amount of the toner 7 as long as the potential levels 
or the toner supplying member 20 and development 
roller 5 are set so that the potential difference 
between the toner supplying member 20 and development 
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roiler 5 becomes greater than Lhe discliarge t:liresliol<l 
voltage^ that is, large enougli to cause current to 
riow from the toner eupp luring lueinber 20 to the 
Glevelopxaent roller 5, 

In consideration of the need for charging the 
toner 7 by the ahove described electrical discharge, 
and also, the need for creating the electric field for 
causing the charged toner 7 to induce the toner 
supplying flows Fq and the potential difference 

between the Loner supplying member 20 and development 
xoller 5 Is desired to be such a difference that 
induces DC current. 

The following are discoveries made through 
the detailed studies of the experiments carried out to 
test the above described developing apparatus 4, in 
this eoibodiment, equipped with the above described 
toner supplying member 20, in terms oX toner supplying 
performance and image quaiity- 

The toner 7 was filled into the developer 
container 8 by the amount enough to fill the 
adjacencies oX the toner supplying member 20. The 
potential difference between the development roller 5 
and toner supplying member 20 was set to a value no 
more than the discliarge threshold voltage (i,21G V in 
this eaibodiment ) , for example, 1,000 Then, images 

with the image ratio of 100 that Is, solid images 
(print ratio of 100 %) were printed. The first print 



(image Tormed on Hirst, recording nedlum P) 8howa<i - 
distinctive difference in density between the leading 
and trailing edges or the image, proving that the 
amount by which the development roller 5 was supplied 
with the Loner 7 was not sufXlcient. In comparison, 
when 10 copies were continuously made, with the 
aforementioned potential difference set to 2,000 V to 
cause XOO nA of current to riow from the deveiopmenL 
roller 5 to the toner supplying meniher 20, none or the 
10 copies showed a density difference large enough to 
be problematic, between the leading and trailing, edges 
of the image, and also, the Xirst copy and 10*^** copy 
were not much different in density. 

However, in the case of a developing 
apparatus such as the above described developing 
apparatus 4 set up to induce electrical discharge 
between the development roller 5 and boner supplying 
member 20, defective images were sometimes formed; for 
example, an image suffering iTrom vertical streaks 
(streaks extending in direction in which recording 
medium F is conveyed), an image nonuniform in density, 
an image suirering from fog which is created as toner 
particles are adhered to the unintended poinLs of the 
recording medium P, etc. 

In consideration of the above described 
problems, the inventors of the present invention 
intensively studied the results further, making the 



f ollow jLiig discoveries t 

tl^e occurrence o£ tlie <len6lt:y anomaly in Llie 
rorm of Lli^ aforementioned vertical streaks could l>e 
prevented by saLisfylng the Toiiowing inequality; 
R1/R2 < 15 (1) 

Rl resistance of developmenL roller 5 

wben 0«04 Vp [pA] of current is flowed to the 
devel opiaent rol 1 er 5 ; 

R2 (S^) : resistance of developmenL roller 5 
when 4 Vp [mA3 of current is flowed to the development 
roller 5, 

The foraiakion of hhe above described fog 
could be prevented by satisfying the following 
inequality: 

0-8 < V2 < Vi < 1.2 (2) 

VI: potential level of the meLallic core 
(core member^ substrate layer) as Lhe electrically 
conductive substrate of the development roller 5 when 
4 Vp [mA] of current Is flowed to the development 
roller 5; 

V2: surface potential level of the 
development roller 5 in the development station K. 

Figure 8 shows the schematic drawing of the 
apparatus for measuring the resistances Ri and R2 (C) 
of the development roller 5. This measuring 
instrument is provided with an electrically conductive 
metallic cylinder (metallic drum) 25 formed of 



alufliinujn or Llie like. Tliis metallic drum 25 is 
ro tailed in fclie direction indicated by an arrow mark in 
tiie drawing^ at the periplieral velocity ec{uivalent to 
the peripheral velocity Vp [oim/e] of the development 
roller 5. The diameter or the metallic dram 25 was 30 
mm. The resistances Rl and R2 oX the development 
roller 5 were measured wh€»n its peripheral velocity Vp 
was 5G mm/sec^ and 100 mm/sec. 

The development roller 5 was kept pressed 
upon the metallic drurfi 25 by the pressincf means 26 and 
27, and was rotated by the rotation of the metallic 
drum 25 at a peripheral velocity virtually ec^al to 
the peripheral velocity o£ the metallic drum 25- In 
this embodiment, the pressure applied to the 
development roller 5 is a total ol 1 kgrf 9.8 N) , 
that is^ 500 gr per lengthwise end of the development 
roller 5. 

To the metallic core of the development 
roller 5, a bias power source (high voltage power 
source 6i0C: TREK Co., Ltd^,) is connected, supplying 
thereby the development roller 5 with electric power « 
The metallic drum 25 is grounded through the 
electrical resistor 30, and the voltage between the 
two ends of the electrical resistor 30 is measured 
with a voltmeter 31 (Pen-recorder liHSOOO: Yokogawa 
Electric Co.)- The resistance of the resistor 30 is 
desired to be in the range of 1 - 100 kSS. In this 
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embo<i±iiien L / a xesisLor witii a resistance or 100 kS3 Is 
employed. The surface poLential level ol ttie 
developjnenL roll ex 5 was measured wxtlx a surlace 
poten-tlal level sensor (surface potenLial level 
measuring InstrumenL 344: TREK Co.) 28 positioned 
opposite side of tJie development roller 5 frora the 
contact area 2>etween the development roller 5 and 
metallic drum 25. 

The resistance ox the development roller 5, 
and tihe amount oX the current which flows through the 
development roller 5 can be calculated JCrom the known 
vol tage Vq and the voltage Vr- measured with the 
voltmeter 31; the resistance of the development roller 
5 can he measured at any current value ^ by means of 
adjusting the value of Vq. 

The resistance of the development roller 5 Is 
desired to be measured at two current levels: 0.04 Vp 
LHA] and 4 Vp [|iA] . 

More specifically, the toner on the 
peripheral surface of the development roller 5 passes 
the development station N while carrying 0.04 Vp 
[pC/s] of electric charge, per unit of time. Thus, 
when the development efficiency Is 100 virtually the 
entirety of 0.04 Vp [jiAJ of current functions as 
development current. Therefore, the ireslstance of the 
development roller 5 In the development station N can 
be known by measuring the resistance of the 
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deveiopmenL roller 5 when the current which flows 
through the development roller 5 Is 0.04 vp [|iA3 . 

Throusrh the intensive research, the inventors 
of the present invention discovered thaL the Loner 
supplying member 20 discharges electrons to the 
development roller 5, and the current generated by the 
discharge was used by O.l - 50 % for charging the 
toner- It is reasonable to think that the typical 
level of efficiency at which the current generated by 
Lhis discharge is used for charging the toner is 1 % 
(which hereinafLer will be referred Lo as "discharge 
efficiency"). The amount of the electric charge 
carried by the toner on the development roller 5 per 
unit of time is 0.04 Vp C|aC/s3 - Therefore, even when 
the development efficiency is 100 % (when virtually 
entirety of toner on development roller 5 is consumed 
for development), virtually the entirety of the toner 
on the development roller 5 can be properly charged by 
flowing 4 Vp [jiAJ of current from the toner supplying 
meAiber 20 to the development roller 5. Therefore, the 
resistance of the development roller 5 as seen from 
the toner supplying member 20 side can be known by 
measuring the resistance R2 of the development roller 
5 when the current flowing to the development roller 5 
is 4 Vp tvAJ. 

After the accumulation of a large number of 
experiments and researches, the inventors of the 
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present invention dificovered the rollowing. Tliat xs, 
Ri/R2 could be used as an index £or tHe fluctuations 
in the resistance of the developraent roller 5 caused 
by Line current wlxicU flowed to the development roller 
5- In other words, when this index was large, the 
electrical discharge from the toner supplying member 
20 to the development roller 5 was less in uniformity, 
that is, the current leaked locally. As a result, the 
toner failed to be uniiormly supplied to the 
development roller 5, resulting in the formation of 
such a defective image that suXXers from streaks 
C extending in recording medium conveyance direction) 
attributable to the local current leaks. 

When 4 Vp C^xA] of current is flowing to the., 
development roller 5, and the ratio of the surface 
potential level V2 (measured with potentiometer 28 of 
measuring instrument in Figure 8) of the developmenH 
roller 5, in the development station N, to the voltage 
VI (Vq in Figure 3) of the metallic core of the 
development roller 5, that is^ V2/V1, is small, the 
surface potential of the development roller 5 is 
affected in the development station N, by the voltage 
applied to the toner supplying meritber 20, causing the 
toner to adhere to unintended points (non- image areas) 
on the peripheral surface of the photosensitive drum 
1. As a result, a foggy Image is formed. In 
comparison, when V2/V1 is large, the peripheral 
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sarface of the development roller 5 is charged i>y the 
rrictxon, images surfering from fog, images 

insurricienL in density, and/or the like defective 

xmages are £or<tied. 

Hereinafter, variations of the developing 
apparatus in the first ejtnhodlment of the present 
invention will he described in more detail in 
comparison to developing apparatuses in accordance 
wiLh the prior arL. 

In Lhe folZo>ving variations of the developing 
apparatus in the first eirdiodimenb of Lhe present 
invention, nonmagnetic single-component toner with an 
average particle diameter of 7 was used as the 
toner 7. The light potential level and dark potential 
level or the photosensitive drum 1, the potential 
difference for developaient , were as described above. 
In all of the following versions of the developing 
apparatus in Lhe first embodiment of the present 
invention, the bias applied to the toner supplying 
member 20 was adjusted so that roughly lOO pA of 
current would flow from the toner supplying member 20 
to development roller 5 while an image was actually 
f-ormed. 
(Variation 1) 

Referring to Figure 9(a), the development 
roller 5 comprised; a metallic core 5a, an elastic 
layer (resistive layer) formed on the peripheral 



surface or the raetallic core 5a. and a uretharns layer 
5c. as the ouLermost layer, coated on the peripheral 
surrace of Lhe elastic layer 5L>, The iuetallic core 5a 
was 8 mm in diameter and was formed of stainless 
steel. The elastic layer 5b was 4 mm m thickness and 
was formed of EPDM, ILs resistance was in the medium 
range. The ure thane layer was capable of conducting 
ions, and was 10 pm in thickness. Wi Lhin the elastic 
layer 51>, that is, the EFDZ^ layer 5b, carbon parLicles 
were dispersed. The form of conduction of the EPDM 
layer was the electron conduction. The above 
described development roller 5 was fitted ±n the 
developing apparatus 4 shown in Figure 4, and the 
developing apparatus 4 was fitted in the image forming 
apparatus 100 shown in Figure 1- Then, the iruage 
forming apparatus was operated at 100 % print raLio 
and 0 % print ratio, with the peripheral velocity vp 
of the development roller 5 seL at SO mm/sec and 100 
mm/ sec. 

When Lhe peripheral velocity Vp of Lhe 
development roller 5 was 50 mm/sec, the value of R1/R2 
obtained using the above described measuring method 
was 5.10, whereas when the peripheral velocity Vp of 
the development roller 5 was 100 mm/ sec, it was 5.50, 
As for the value of the V2/V1^ it was 0.97 and 0.93 
when the peripheral velocity Vp of the development 
roller 5 was 50 mm/sec and iOO ram/sec, respectively. 



Wlien "tlie xmage fozmlng apparatus waa operated 
at: a print ratio or 100 %^ Images suffering from the 
aforementioned vertical etreaks were forraed whetlier 
tl-ie peripheral velocity of the development roller 5 
was 50 xom/eec or 100 mm/sec « However / the amount of 
the streaks was within the acceptable range. Further, 
there was no problem as far as density was concerned. 
When the liiiage forming apparatus was operated at a 
print ratio of O %, fog was not generated whe-ther the 
peripheral velocity ol the development roller 5 was 50 
mm/sec or 100 mm/sec. 
(Variation 2) 

Referring to Figure 9(hK the development 
roller 5 comprised: a metallic core 5a, and an elastic 
layer (resistive layer) formed on the peripheral 
surface of the metallic core 5a. The metallic core 5a 
was 8 mm in dieuueter and was formed of stainless 
steel. The elastic layer 5i> was 4 mm in thickness and 
was formed of rubber, more specifically, a blend of 
N3R and hydrin rubber, in which ion conductive . 
particles were dispersed. Its resistance was in the 
medium range « The form of conduction of the EPDM 
layer was the ion conduction* The above described 
development roller 5 was fitted in the developing 
apparatus 4 shown in Figure 4, and the developing 
apparatus 4 was fitted in the image forming apparatus 
100 shown in Figure 1. Then, the image forming 



apparatus was operaLed at print raLios ol 100 % and 0 % 
wiLh tlie peripheral velocity vp of tHe developmenl 
roller 5 set at SGmm/sec and 100 mm/sec. 

When Lite peripheral velociLy Vp or the 
development roller 5 was 50 mm/sec, the value or R1/R2 
obtained using the above described measuring method 
was 1-12, whereas when the peripheral velocity Vp or 
the development roller 5 was 100 mm/sec, it was 1.19. 
As ror the value oX the V2/Vi, it was 1,01 and 1.00 
when the peripheral velocity Vp oX the development 
roller 5 was 50 mm/sec aiid 100 mm/sec^ respectively. 

When the image forming apparatus was operated 
aL a print ratio oX 100 %, rormed Images did not suffer 
any problem in terms of quality^ in particular, 
density, whether the peripheral velocity of the 
development roller 5 was 50 mm/sec or 100 mm/sec . 
When the image forming apparatus was operated at a 
print ratio of O Log was not generated whether the 
peripheral velocity of the development roller 5 was 50 
mm/sec or 100 mm/sec « 
(Variation 3) 

Referring to Figure 9(a), the development 
roller 5 comprised i a metallic core 5a, an elastic 
layer (resistive layer) rormed on the peripheral 
surface or the metallic core 5a, and a ure thane layer 
5c (resistive layer), as the outermost layer, coated 
on the peripheral surface of the elastic layer 5b. 
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Tlie metallic core 5a was 8 nua in. dianieteir and was 
rormed of sLainless sLeel. THe elastic layer 5b was 4 
mm in tlixckness and was formed of rubl>er, more 
specifically, a blend of NBR and hydrln rubber^ in 
wbich ion conductive agent was dispersed. The form of 
conduction of the elastic layer was the ion 
conducLion. Its resistance was in the medium range. 
The urethane layer was capable of conducting ions, and 
was 10 MTU in thickness. The above described 
development roller 5 was fitted in the developing 
apparatus 4 shown in Figure 4, and the developing 
apparatus 4 was fitted in the image forming apparatus 
100 shown in Figure 1. Then, the image forming 
apparatus was operated at lOO % print ratio and O % 
print ratio, with the peripheral velocity Vp of the 
development roller 5 set at 50mm/ sec and 100 mm/sec, 

Wl'ien the peripheral velocity Vp of the 
development roller 5 was 50 Aim/sec^ the value of R1/R2 
obLained using the above described measuiring method 
was 0.99, whereas when the peripheral velocity Vp of 
the development roller 5 was 100 mm/ sec, it was 1-18. 
As for the value of the V2/V1, it was 0.99 and 1.00 
when the peripheral velocity Vp of the development 
roller 5 was 50 mm/sec and 100 mm/ sec, respectively* 

When the print ratio was lOO %, there was no 
problem regarding image quality and density, whether 
the peripheral velocity of the development roller 5 



was 50 Him/ sec or 100 nun/sec. Partner, wlien tlie print 
ratio was O %, no proi>l^ concemiAQ fog occurred, 
wheLIier the peripheral velocity or the development 
roller 5 was 50 nun/sec or 100 mm/sec. 
5 (Variation 4) 

ReTerring Lo Figure 9Cb), the development 
roller 5 comprised a meLallic core 5a, and an elastic 
layer (resistive layer) Torraed on the peripheral 
surface oL the meLallic core 5a- T2*e metallic core 5a 
10 was 8 mm in diameter and was formed of stainless 

steel. The elastic layer 5b was 4 mra in thickness and 
was formed of silicone rubber. Its resistance was in 
the medium range. within the elastic layer 5b^ that 
is, the silicone rubber layer 5b, carbon particles 
15 were dispersed. The form of conduction of the 

silicone rxtbber layer was the electron conduction. 
The above described development roller 5 was fi Lted in 
the developing apparatus 4 shown in Figure 4, and the 
developing apparatus 4 was fitted in the image Terming 
apparatus 100 shown in Figure 1. Then, the image 
forming apparatus was operated at printer ratios of 
100 % and 0 %, with the peripheral velocity Vp of 
the development roller 5 set at 50 mm/sec and 100 
mm/sec* 

When the peripheral velocity Vp of the 
development roller 5 was 50 mm/sec, the value of R1/R2 
obtained using the above described measuring method 
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was 13 •OB, wtieireas when tlie peripheral velocity Vp oX 
the development: roller 5 was 100 mm/sec, it. was 12.15. 
As for Line value a£ the V2/V1, it was 0*98 and 0.99 
..^^^/^^^ ^^^^^^^^^^ velocity Vp of the <levelopinent 
roller 5 was 50 lom/sec and 100 mm/sec, respectively. 

When the print ratio was 100 images 
showed a slightly larger amount of the vertical 
streaks than the images formed using Lhe Variation 1 
of Lhe developing apparatus, whether the peripheral 
velocity Vp of the development roller 5 was 50 mm/sec 
or 100 mm/sec. However, the amount ol the vertical 
streaks was still within the tolerable range. Also, 
there was no problem regarding density. Further^ when 
the print ratio was O %, no problem concerning Tog 
occurred « 
(Variation 5) 

Referring to Figure 9(b), the development 
roller 5 comprised a metallic core 5a, and an elastic 
layer (resistive layer) Termed on the peripheral 
surface of the metallic core 5a. The metallic core 5a 
was S mm in diameter and was formed of stainless 
steel. The elastic layer 5b was 4 mm in thickness and 
was formed of rubber, more specifically, a blend of 
NBR and hydrin rubber. Its resistance was in the 
medium range* Within the elastic layer 5b, that is, 
the rubber layer 5b, ion conductive agent was 
dispersed. The conduction form of the rubber layer 



was tbe ion conciuction. Tlie aiiove described 
development roller 5 was fitted in tHe developing 
apparatus 4 showxi in Figure 4, and the developing 
apparatus 4 was Iltted in the image forming apparatus 
lOO shown in Figure 1. Then, the image forming 
apparatus was operated at printer ratios of 100 % 
and 0 %, with the peripheral velocity vp of the 
development roller 5 set at 50 mm/sec and 100 mm/sec. 

When the peripheral velocity Vp of the 
development roller 5 was 50 mm/sec, the value of R1/R2 
obtained using the above described measuring method 
was 1.23 whereas when the peripheral velocity Vp of 
the development roller 5 was 100 AUtt/sec, it was .1 .27. 
As for the value of the V2/V1, it was l.OO and 1.00 
when the peripheral velocity Vp of the development 
roller 5 was 50 mm/sec ana 100 mm/ sec, respectively. 

When the print ratio was 100 %, images showed 

no problem as Tar as image quality (density) was 

concerned, whether the peripheral velocity Vp of the 
development roller 5 was 50 mm/sec or 100 mm/sec. 
Further, when the print ratio was 0 %, no problem 
concerning fog occurred, whether the peripheral 
velocity or the development roller 5 was 50 mm/sec Or. 
100 mm/sec. 
(Variation 6) 

Rererring to Figure 9(b), the development 
roller 5 comprised a metallic core 5a, and an elastic 
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layer (resistive layer) formed on the peiripherai 
surface or tHe metallic core 5a. The laetaliic core 5a 
was 8 mm in diameter and was formed of stainless 
steel. The elastic layer 5b was 4 em in thickness and 
was formed of urethane. its resistance was in the 
medium range. Within the elastic layer 5i>, that is, 
the urethane layer 5l>, ion conductive agent was 
dispersed. The form or conduction or the urethane 
layer was the ion conduction. The above described 
development roller 5 was Xltted In the developing 
apparatus 4 shown in Figure 4, and the developing 
apparatus 4 was ritted in the image forxoing apparatus 
100 shown in Figure 1. Then, the Image Xormlng 
apparatus was operated at printer ratios of 100 % and 
0 %, with the peripheral velocity Vp of the 
development roller 5 set at 50 mm/sec and 100 mm/sec. 

When the peripheral velocity Vp of the 
development roller 5 was 50 nim/sec, the value of Ri/R2 
obtained using the above described measuring method 
was 2.02, whereas when the peripheral velocity Vp of 
the development roller 5 was lOO mtn/sec, it was 2.33. 
As for the value of the V2/V1, it was 1.00 and 1.00 
when the peripheral velocity Vp of the development 
roller 5 was 50 mm/sec and 100 mm/ sec, respectively. 

When the print ratio was 100 %, images showed 
no problem in xjuality, in particular, density, whether 
the peripheral velocity of the development roller 5 
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was 50 imii/sec or lOO mm/sec. Furtlxer when tlie print 
ratio was O %, there was no problem concerning fog, 
whe trier the peripheral velocity oL the development 
roller 5 was 50 mm/sec or 100 nim/sec. 
(Coxnparative Sample 1) 

ReXerring to Figure 9(a), the development 
roller 5 comprised a metallic core 5a, an elastic 
layer (resistive layer) formed on the peripheral 
surface of the juetallic core 5a, and a urethane layer 
5c (resistive layer), as the outermost layer, coated 
on the peripheral surface of the elastic layer 5b- 
The metallic core 5a was 8 mm in diameter and was 
formed of stainless steel. The elastic layer 5b was 4 
mm in thickness and was formed of silicone rubber, in 
which carbon, par tides were dispersed. Its x^esistance 
was in the medium range. The form of conduction of 
the silicon rubber layer was the electrox* conduct ion . 
The outermost layer 5c, that is, the urethane layer, 
was 10 Kuii in thickness. Within the urethaxie layer 5c, 
carbon particles were dispersed, enabling the urethane 
layer to conduct electrons « The above described 
development roller 5 was fitted in the developing 
apparatus 4 shown in Figure 4, and the developing 
apparatus 4 was fitted in the image forming apparatus 
^PP shpvm in. Figure 1. Then, the image forming 
apparatus was operated at print ratios of 100 % and 0 
%, with the peripheral velocity Vp of the development 
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roller 5 set at 50 nun/sec and 100 mm/sec. 

When Liie peripheral velocity Vp ol the 
developmenL roller 5 was 50 jma/sec, Lhe value olT K1/R2 
oL> tallied using the a2>ove described measuring method 
was 38.25, whereas when the peripheral velocity Vp of 
the development roller 5 was 100 mm/sec, it was 15.42. 
As for the value or Lhe V2/V1^ It was 0-67 and 0.74 
when the peripheral velocity Vp of the developaient 
roller 5 was 50 mm/sec and 100 mm/ sec, respectively. 

When the image JCorming apparatus was operated 
at a print ratio of 100 Lhe aforementioned vertical 
streaks were deXlnlfcely more conspicuous than those 
seen on the Images formed using the Variation 5, 
whether the peripheral velocity of the development 
roller 5 was 50 mm/sec or lOO mm/sec, and so was the 
nonuniform! Ly in density* Further, image density was 
higher. When the print ratio was O %, fog was 
conspicuous, whether the peripheral velocity of the 
development roller 5 was 50 mm/sec or 100 mm/sec. 
(Comparative Sample 2) 

Referring to Figure 9(a), the development 
roller 5 comprised a metallic core 5a, an elastic 
layer (resistive layer) formed on the peripheral 
surface of Lhe metallic core 5a, and a urethane layer 
(resisLlve layer) 5c, as the outermost layer, coated 
on the peripheral surface of Lhe elastic layer 5b* 
The metallic core 5a was 3 mm in diameter and was 



formed or stainiese steel. The elastic layer 51j was 
mm in tlilckness ana was formed of rui>ber, more 
specirically, a blend oX NBR and liydrin rubber^ in 
wliicb ioxi conduction agent was dispersed. Its 
resistance was in tlie medium range* Tiie form of 
conduction of Llie rubber layer was tbe ion conduction 
The ureLbane layer 5c, in wbich carbon particles were 
dispersed, was capable of conducting electrons, and 
was 10 vun in Lbickness. Tbe above described 
developmenL roller 5 was fiLLed in tbe developing 
apparatus 4 sbown in Figure 4, and the developing 
apparatus 4 was fitted in Lbe image forming apparatus 
100 sbown in Figure 1. Then, the image forming 
apparatus was operated aL print ratios of 100 % and O 
%^ witli Lbe peripheral velocity Vp of the development 
roller 5 set at 50 mm/ sec and 100 mm/sec. 

when the peripheral velocity Vp of the 
development roller 5 was 50 mm/sec, the value of R1/R2 
obtained using the above described measuring method 
was 1.93, whereas when the peripheral velocity Vp of 
the development roller 5 was 100 mm/sec, it was 1.83, 
As for the value of the V2/V1, it was 0.62 and 0.59 
when the peripheral velocity Vp of the development 
roller 5 was 50 mm/sec and 100 mm/ sec, respectively. 

When the print ratio was lOO %, the 
aforementioned vertical streaks did not occur, whether 
the peripheral velocity Vp of the development roller 5 
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was 50 mm/sec or 100 jn«t/seo. However, aeneit^^ was 
nigli. Wben the print ratio was 0 %, £oq was 
conspicuous, whether the peripheral velocity Vp or the 
development roller 5 wa* 50 mm/sec or 100 mm/sec. 
(Comparative Sample 3) 

Referring to Figure 9(b), the developmenL 
roller 5 comprised a metallic core Sa, and an elastic 
layer (resistive layer) forined on the peripheral 
surrace of the metallic core 5a. The metallic core 5a 
was S mm in diameter and was formed oX stainless 
steelv The elastic layer 5h was 4 mm in thickness and 
was formed of silicone rubber. its resistance was in 
the medium range. Within the elastic layer 5b, that 
was, the silicone rubber layer 5b, carbon particles 
were dispersed. The form of conduction of the 
silicone rubber layer was the electron conduction. 
The above described development roller 5 was fitted in 
the developing apparatus 4 shown in Figure 4, and the 
developing apparatus 4 was fitted in the image forming 
apparatus 100 shown in Figure 1. Then, the image 
forming apparatus was operated at printer ratios of 
100 % and 0 %, with the peripheral velocity Vp of 
the development roller 5 set at 50 mm/sec and 100 
mm/sec . 

When the peripheral velocity Vp of the 
development roller 5 was 50 mm/sec, the value of R1/R2 
Obtained using the above described measuring method 
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wae 15.10^ vtflier>eas wlien the periplieral velocity Vp of 
tixe development roller 5 was 100 xnm/sec, it was 16.79. 
As for tlie value or tlie V2/Vi, it was 0,83 ana 0-84 
y^^. peripheral velocity Vp oX the developmezit 

roller 5 was 50 mm/ sec and 100 mm/sec ^ respectively. 

When Lhe print ratio was 100 %^ images showed 
the verLical streaks, wheLher the peripheral velocity 
Vp oi Lhe development roller 5 was 50 mm/sec or 100 
uun/sec. However, Lhe nonunij^oriniLy in density was 
conspicuous, although Lhere was no problem in terms of 
the maximum density. When the print ratio was O %, 
Lhere was no problem concerning fog, whether the 
peripheral velocity oX the development roller 5 was 50 
mm/sec or 100 mm/sec. 
( Compar at i ve Sampl e 4 ) 

Relerring to Figure 9(a), the development 
roller 5 coiaprised a ruetallic core 5a., axi elasLic 
layer (resistive layer) formed on the peripheral 
surface of the metallic core 5a, and a Nylon layex^ 
(resistive layer) 5c, as the outermost layer, placed 
on Lhe peripheral surface of the elastic layer 5b^ 
The metallic core 5a was 8 mm in diameter and was 
formed of stainless sLeel. The elastic layer 5l> was 4 
mm in thickness and was formed of silicone rubber, in 
which carbon particles were disposed. Thus, the form 
of conduction of the elastic layer was electron 
conduction. The resistance of the elastic layer 5b 



-60- 



was in the medium range. The outermost layer 5c was 
in the form of a Lube formed of Nylon in whicOi carbon 
particles were dispersed, being therefore capable of 
conducting electrons. it was 30 nm in thickness. The 
above described development roller 5 was fitted in the 
developing apparatus 4 shown in Figure 4, and the 
developing apparatus 4 was fitted in the image forming 
apparatus 100 shown in Figure 1. Then, the image 
forming apparatus was operated at print ratios of 100 
% and O %, with the peripheral velocity Vp of the 
development roller 5 set at 50 mm/sec and 100 mia/sec. 

When the peripheral velocity Vp of the 
development roller 5 was 50 mm/sec, the value of R1/R2 
obtained using the above described measuring method 
was 17.61^ whereas when the peripheral velocity Vp of 
the development roller 5 was 100 mm/sec, it was 18. GO. 
As for the value of the V2/V1, it was 1.30 and 1.22 
when the peripheral velocity Vp of the development 
roller 5 was 50 mm/ sec and 100 xma/sec, respectively. 

When the print ratio was 100 %, the 
aforementioned vertical streaks occurred, whether the 
peripheral velocity Vp of the development roller 5 was 
50 mm/sec or 100 mm/sec. Further, the nonunif ormity 
in density was conspicuous, although there was no 
problem in terms of the maximum density. When the 
px:ln± ratio was 0 %, fog was oonspicuoas, whether the 
peripheral velocity Vp of the development roller 5 was 



50 mm/sec or 100 mm/sec. 
(Compara-blve Sample 5) 

Rererrlng to Figure 9(a), tlie <levelopxii«ni: 
roller 5 comprised a metallic core 5a, an elastiXc 
layer (resistive layer} formed on tlie peripheral 
surface ol Liie metallic core 5a, and a Nylon layer 
(resistive layer) 5c, as the outermost layer, placed 
on the peripheral surface of Lhe elastic layer 52>- 
The metallic core 5a was 8 nua in diameter and was 
formed ot stainless steel- The elastic layer 5b was 4 
mm in thickness and was formed of ruhber, more 
specifically, a blend of NBR and hydrin rubber^ in 
which ion conduction agent was dispersed. Thus, the 
form of conduction of the elastic layer 5b was ion 
conduction. The resistcuice of the elastic layer 5b 
was in the medium range. The outermost layer 5c was 
In the Torm of a tube formed of Nylon in which carbon 
particles were dispersed, being therefore capable of 
conducting electrons. It was 30 pm In thlcjcness. The 
above described development roller 5 was fitted In the 
developing apparatus 4 shown in Figure 4, and the 
developing apparatus 4 was fitted in the image forming 
apparatus 100 shown In Figure !• Then, the Image 
forming apparatus was operated at print ratios of 100 
% and 0 %, with the peripheral velocity Vp of the 
development roller 5 set at 50 mm/sec and 100 imu/sec. 
When the peripheral velocity Vp of the 



deveiopmenL roller 5 was 50 mm/sec. Lhe value o£ R1/R2 
oistainea using LUe above described measuring metliod 
was 4.65, whereas whan the peripheral velocity Vp or 
the developiaent roller 5 was 100 mm/sec, Xi. was 4.73. 
As Tor the value of the V2/V1, it was 0.26 and 0,22 
when the peripheral velocity Vp or the development 
roller 5 was 50 mm/sec and 100 mm/sec, respectively. 

When the print ratio was 100 %, the 
aforewentioned vertical streaks did not occur, whether 
the peripheral velocity Vp of the development roller 5 
was 50 mm/sec or lOO ffifu/sec- However, when the print 
ratio was O %, rog was conspicuous, whether the 
peripheral velocity Vp of the development roller 5 was 
50 mm/sec or 100 mm/sec. 
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COMP 



TABIDS 1 

BASE Sim. RESISTANCE R17R2~^ V2/V1 ^1 

2pA 200iiA 





*3 


*7 


1.42E-i-G7 


2. 79E'i-06 


5, iO 


0.97 


F 


G 


EX.2 


«c4 




o . 33E+05 


7.43E-h05 


1-12 


1.01 


G 


G 


EX.3 


*4 


*7 


1 - 40E+06 


1.42E+C6 


0.99 


0.99 


G 


G 


EX.4 


*5 




1 * 66E-r07 


1.27E+C6 


13.08 


0-98 


G 


G 


EX. 5 


ite4 




3-43EH-06 


2.S0E+06 


1.23 


i«oo 


F 


G 


EX.6 


*6 




1 . 54E+07 


7. 60E+C6 


2.02 


1.00 


G 


G 


COI-I? . 
E5.1 


*5 


AS 


1-53E+07 


4.GCE-I-05 


38.25 


0.67 




N 



COMP. *4. *8 5.23E+05 3.23E+06 1.93 0.62 G N 

*^ " 2.263+07 1.50E+06 15. lO 0.83 N G 

*5 *9 i.06K+07 6.00E+05 17.61 1.30 W 



COt'^. *4 *9 1.89E+07 4.C7E+06 4.65 0.26 G N 



Vp = 50 nm/ 



G: Good, F: Faii:^ N: No goo<3 
*li STRIPE, *2: FOGIiESS 

*3: EPDM, *4: NBR/KYDRIN, *5 : SILICONE, ^6: URETKANE 

*7: URETHANE (ION CONDUCTION), 

*S: URETKANE (ELECTRON CONDUCTION) 

*9; NYLON (ELECTRON CONDUCTION) 
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TABLE 2 





BASE 


SUR. 


X^ESISTANCE 


R1/R2 


V2/Vi 


*1 


^2 










200mA 










EZ.l 




*7 


1 • l6E*r07 


2.10E+06 


5.50 


0.93 


F 


G 


EX.2 


«4 




8.33E-I-05 


7.00E+05 


i*19 


1-00 


G 


G 








1 . STE-fOe 


1.33E^06 


1-18 


1.00 


G 


G 


EX. 4 


*5 




1 .07E+07 


8,83E+05 


12-15 


0.99 


G 


G 


EX.5 




- 


3.23E+06 


2,55E-#'06 


1-27 


1.00 


F 


G 


TTY 

■C«A • O 


*o 




1.43E+07 


6.15K-I-C6 


2,33 


l.OO 


G 


G 


COMP. 
EX.1 


*5 


*8 


3.65E4-06 


2-37B+05 


15.42 


0,74 


N 


«— 


COMP. 
KX.2 


*4 


_ 

WO 


5,57E+06 


3 • G5E+06 


J. • 


O « 55 


G 


N 


COMP . 


*5 




l*62E+07 


9.67E+05 


16.79 


0-84 


N 


G 


COM? - 
EX. 4 


*5 


*9 


6, 3GE-I-06 


3«83E-f-05 


18-00 


1.22 


N 


N 


COMP, 
EX.5 




*9 


1 .61E+07 


3.40E+06 


4.73 


0.22 


G 


N 














Vp = 


100 


HUD/ & 




Good, 


F: 


Fair, N; 


No good 











9cl: 
*3: 
*7; 
^8: 



STRIFE, *2: FOGLESS, 

EFDM, *4: KBK/HYDRIN, *5: SILICONE, *6: 
URETHAJSTE (ION CONDUCTION), 
ORETKAImE (ELECTRON CONDUCTION) 
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Given in Tables 1 and 2 are^ the summaries ol 
Liie performances or tlie above de&crlbed Varia Lions 1 - 
6 and Comparative Samples i - 5. Table 1 represents 
the tests in virhlch Vp = 50 mm/sec, and Table 2 
represents Lhe tests in whxcli Vp =* 100 mm/sec. 

Figure 10 is a graph in which Lhe evaluations 
of the sLreaks aLLributable to the currenL leaks are 
ploLLed, and in which Lhe axes of abscissas and 
ordinates represent Lhe R1/R2 and potential 
attenuation racLor V2/V1, respectively. It shows both 
the perXormances when the Vp = 50 mm/sec and the 
performances when Vp = 100 mtiCi/sec. In the graph, 
G means thaL the streaks attrlbuLable to Lhe curreiit 
leaks did not occur; F means the presence of the 
streaks, Lhe amount or which is within the tolerable 
range; and N means that the streaks are conspicuous. 

The following are evident froia Figure 10. 
That IB, in order Lo reduce the possibiliLy of the 
occurrence of the s breaks attributable Lo the current 
leak, the aforementioned resistances Rl (fil) and R2 
of the development roller 5 are desired to be set to 
satisfy the following inequality: 
R1/R2 < 15 ... (1) 

Also in order Lo further reduce the 
possibility of Lhe occurrence of the streaks 
attributable to the current leaks, Lhe resistances Rl 
and R2 are desired to be set to saLisfy the following 
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xnequall-ty : 

R1/R2 < 5 ...O). 

Referring to Tatoies 1 an<2 2, In the case of 
eaoli of the above aescrlbed variatloixs^ the 
flucLuatlon or R1/R2 was no more Lhan 20 % both when 
the Vp = 50 mm/sec, and when the Vp = loO mm/sec, and 
the fluctuation or V2/V1 was no more than 5 % both when 
Vp = 50 mm/sec and when Vp was 100 auii/sec. 

According to the studies made by the 
inventors or the present invention, the value of R1/R2 
is affected by the amount of the flowed current • But 
the range in which the value or Ri/R2 changes is 
small. In other words, R1/R2 can be used as a 
reliable index. For example, R1/R2 can be 
satisfactorily used as the index for anti-leak 
performance- It is obviously meaningful to measure 
the resistance of the development roller 5 when the 
amount of the current which flows to the developraent 
roller 5 is 0.04 Vp [pA] and 4 Vp CiiA] as 
representative values. In reality, however, the 
aiaount of the development current which flows in the 
developing apparatus is not limited to 0.04 Vp. 
Similarly, the current which flows from the toner 
supplying .member 20 is not limited to 4 Vp. Not only 
may it be obviously no more than 4 Vp, but also no 
less than 4 Vp. 

As for the electrically conductive elastic 
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subsLances foi. the developmeni, roller 5, wliJLcli 
capable of satisfy ing tbe aroremexiLioned Inequality 
(1): R1/R2 < 5, there are a cofia>lnatloji of rubber, and 
elecLrical conductor dispersed Lherein, a combination 
of blab polymer, and electrical conductor dispersed 
therein, etc. As the rubber, there are SPsm 
( ethyiene-propyiene-diene- Lerpolymer ) , polybutadiene , 
natural rubber, polyisoprene, 3BR (sLyrene-butadiene 
rubber), CR (chloroprene rubber), K3R (nitrile- 
butadlene rubber). As the high polymers, there are 
polys Lyrene resins, for example, RB (butadiene 
resion), SBS (styrene-butadiene-styrene elasLoiner) , 
etc. , polyolerin resins, polyester resins, 
polyurethane, PE (polyethylene), PP (polypropylene), 
PVC (polyvinyl chloride), acrylic resins, copolymer of 
styrene and vinyl aceiate, copolyitier of buLadiene and 
acrylonitrile, etc. 

As the conductive agent, there are: carbon 
black, graphite; meLaliic oxides, such as Ti02, Sn02, 
^^2*^5' ZnO; jcaeLals, such as Cu and Ag; 

electrically conductive parLicles formed by coaLing 
particles with electrically conductive substance; etc. 
KoWever, from Lhe standpoint of reducing the value of 
Ri/R2, substances which can provide the development 
roller 5 with a conduction mechanisia of the ion 
conduction type are preferable. As for such 
substances, ionic electrolytes. Tor example, LiC104, 



KSCN, NaSCN, LiSCN^ hlClF^SO^, etc, are suiLa±>le. It 
is also pos3ll:>le to JLiiLroduce polar rrtolecule(9) or 
polar atomic group(s) into Llie principal or side chain 
ol polymer, in order to provide coiiductivity . 

Further, in order to satisfy the above 
described ine<5uality (3)= R1/R2 < 5, not only is it 
desired to use, as the conducLive ageiit, one of the 
ionic substances among the above listed conductive 
agents, buL also, it is desired to use, as the base 
material, one of the above listed base materials, in 
particular, one of the polar substances, for example, 
acrylonitrile-butadiene rubber (NBR), hydrated K3R (H- 
NBR); copolymer or NBR and third component, such as 
isoprenel, denatured NBR created by introducing a 
functional group such as carboxyl group, into NBR^ 
nitrile rubber such as NBR cross-linked internally at 
butadiene portion, copolymer of ethylene oxide and 
propylene oxide, alkyl -ether polymer such as copolymer 
of ethylene ojxide-propylene oxide-aliyl glycidyl 
ether, hydrin rubber such as epychiorohydrin rubber 
(CO)^ copolymer (rubber) of epichlorohydrin aiid 
ethylene oxide (ECO), copolymer (rubber) of 
epychlorohydrin-ethylene oxide-allyl glycidyl ether, 
urethane rubber, chloroprene rubber, chlorosulf onated 
polyethylene rubber, etc. Among the above listed 
materials, the materials which are low in electrical 
resistance by themselves^ are preferable; for example. 
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hydrin rubber eucli as CO, ECO, nitrxle rubber sucb 
NBR, H-KBR, and alkyl ether group polymei. sucb as 
copolymer of ethylene oxide-propylene oxide and 
ethylene oxide-propylene oxlde^allyl glycidyl ether. 

Incidentally, the value of resistance R2 is 
desired to be no less Lhan IxlO^ Q for the Tollowing 
reason. That is, even when the inegualiLy: R1/R2 < 15 
is satisried, and currenL leak is under control, if 
Llie value of resis Lance R2 is smaller than a certain 
value, current leak occurs between the metallic core 
5a or the development roller 5 and toner supplying 
member 20, througli the portions of the development 
roller 5, which are relatively low in electrical 
resistance, while voltage higher than the discharge 
threshold voltage is applied to the toner supplying 
member 20. This current leak results in the formation 
Of an image which is nonuniform in density, more 
specificalljr, an image suifering from streaks 
perpendicular to the recording mediuiii conveyance 
direction (which hereinafter may be referred to as 
''horizontal streaks" ) . 

For example, when the development roller 5 in 
Variation 4, R2 of which had been mad© to be SxiO-* n 
by increasing the amount by which electrical conductor 
was dispersed in the elastic layer of the development 
roller 5, was used, currcsnt leaked in the 
circumferential direction, across the areas lower in 



elecLrlcal resistance, even wlien Liie value of Ki/R2 
was 13- As a result, a defective Image, more 
epecif ieaily, an Image suffering from the 
aforementioned liorlxontal streaks was formed, 

Tlie bottom limit of tlie resistance o£ the 
development roller 5 Is related to the current leak 
between the toner supplying memher 20 and development 
roller 5. Therefore, it is desired to measure the 
value of the resistance R2 instead ol the resistance 
Rl , because the resistance R2 is such a resistance 
that is measured in the condition, which is closer Lo 
the actual condition in which the developiuent roller 5 
ii@! -usad,. ..and In which a relatively large amount of 
current flows . 

When the resistance HI is higher, more 
specifically, when Lhe value of the reels Lance Rl is 
no less than 1x10® £2, the discharge threshold 
voltage ..is also higher, making xL sometimes necessary 
Tor the potential difference between the toner 
supplying member 20 and development roller 5 to be no 
less than 6 kV. In this condition, if a development 
roller 5 such as Lhose in the preceding variations, 
the elastic layer (resistive layer) 5b of which was 4 
mm is used, the body of air between the toner 
supplying member 20, and the portions of the metallic 
core 5a which are not covered with Lhe elastic layer 
(resistive layer) 5b, is not sufficient to prevent Lhe 



occurrence of elecLrical aiscliargcs l^etween the 
met:alllc core 5a an<a toner supplying metftber 20. Wli«n 
a deveXopraenl: roller^ LUe resistance Ri oX whlcn was 
1.3x10^ wHen the Vp 100 mm/sec, was used as the 
development roller 5, the discharge threshold voltage 
was roughly 2,000 V, and Lhe current leak attributable 
Lo piincture occurs when the potential level between 
the development roller 5 and toxier supplying member 20 
was set to 6 kV. la other words, the potential 
cLlEf&jrejiGG^ could not be Increased beyond 6 kv, raaklng 
it impossible to supply the development roller 5 with 
a satisiaetory amount of the toner 7. 

Whei'x the developiVient roller 5, the elastic 
layer 5b of which was no less than 10 nm. in thickness, 
was used in the normal environment, the puncture did 
not occur even when the potential difference was as 
high as roughly 10 kV, as long as it was used in the 
normal environment. However < when it was used in the 
high temperature-high humidity environment (32''C in 
temperature and 80 % in relative huniidity) , the 
puncture occurred along the peripheral suriaces, 
making it impossible to raise the potential diirrerence 
beyond roughly 10 kV^ and therefore, it was impossible 
to supply the development roller 5 with a satisfactory 
amount or the toner ?• Besides, increasing the 
thickness of the elastic layer 5b of the development 
roller 5 makes the development roller 5 larger. In 
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other words, either way, increasirxg the thickness of 
the elastic layer 5b beyond XO mm is not desirable. 

Regarding the top llxolt for the resistance of 
the developmenh roller 5, if it is set v,rith reference 
. _.^9 the resistance R2, which is measured while a 
relatively large amount is flowed, there is the 
possibiliLy of the current leaks through the above 
described space or along the peripheral surface the 
developfifient roller. Therefore, it is desired to be 
set with reference to the resistance Rl, which is 
measured while a relatively small amount of curreiit is 
flowed, that Is, while the amount of the applied 
voltage is relatively small. 

As will be evident from the above 
description, not only Is it desired for the resistance 
Rl to satisfy the following ineguality: 
Rl < 10^ a 

but also. It is desired for the resistance R2 to 
satisfy the following inequality: 
10^ £2 S R2. 

Figure 11 is a graph, similar to Figure lO, 
in which the evaluations of nonuniform! ty in density, 
and the fog attributable to the current leaks, are 
plotted, and In which the axes of abscissas and 
ordinates represent the R1/R2 and potential 
attenuation factor V2/V1, respectively. It shows the 
performance evaluations in both Tables 1 and 2, that 
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is, wnen the Vp = 50 aim/sec and tlxe performances wHen 
Vp = 100 mm/ sec. in LUe grapli, G aieans Lliat tliere was 
no problem in terms or l>otli the density an<i fog, and 
N means Lliat the Hog was Conspicuous, or the density 
was too high. 

The rollowing are evident from Figure 11- 
That is^ in order to reduce the possibility at the 
occurrence of fog, the aforementioned voltages VI and 
V2 are desired Lo be set Lo satisfy the following 
ineguali Ly : 

O.S < V2/Vi < 1-2 ..-(2) 

The first type oi a development roller 5, 
which can be listed as the one that satisXies the 
above regui^rements, is a development roller 5 
coiuprising a uietallic core (core iiiember, substrate 
layer) 5a and an electrically conductive elastic layer 
5b^ as a resistive layer, formed on the peripheral 
surface of the metallic core 5a- With the provision 
of only a single resistive layer, the electrical 
resistcuice betweeui the tonej: supplying member 20 and 
metallic core 5a is smaller than the electrical 
resistance between the toner supplying member 20 and 
development station and therefore, the current 
which flows from the toner supplying member 20 to the 
development roller 5 is less likely to affect the 
potential in the development station N, making it 
easier to satisfy the Ineguality; 
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V2/V1 > 0.3. 

IL is prerexable that LUe suirface of tlie 

elastic Xayez- 5X> is ^iven sucn a treaLment tliat 
increases its resistance. As for sucli a treaLment, 
the surrace may be irradiated with ultraviolet rays, 
exposed to 02sone, or chexnieally treated. 

When providing Lhe developmenL roller 5 with 
multiple resistive layers, for example,, two layers, 
that is, the elastic layer 5I> and surface layer 5c, it 
is desired that in order to reduce Lhe influence of 
the discharge current from the Loner supplying memher 
20 upon Lhe development sLation it is desired, that 
the voluiTietric resistance of the surface layer 
(ouLermost layer) 5c, measured while 4 Vp tpA3 of 
current is flowed, is made to be no less than the 
volumetric resistance of the elastic layer 5b, that 
is, the inward layer. However, the volumetric 
resistance of the surface layer 5c is desired not to 
be excessively high^ because i£ it is excessively 
high^ the surface layer 5c is highly charged by 
friction, making it impossible to satisfy Lhe 
aforementioned ine<iuality; 
V2/V1 < 1.2. 

Thus, it is preferred that Lhe material for 
the surface layer (outermost layer) 5c is such an 
electrically conductive substance thaL has an internal 
mechanism capable of conducting ions, that is, an 
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eXecLrically conductive subsLaiices, Llie electrical 
resistance a£ willed is less likely Lo be arfecte<3 fay 
Llie applied voltage^ l>ecause usage or sucli a sufas Lance 
as tlie fAaterlal Tor tlie surface layer 5c makes it 
possible to widen the acceptable reslstarxce range for 
tlie development roller 5. 

Tbe studies inLenslvely made by the inventors 
of the present invention also revealed Liie following. 
The discharge eif iciency of the Loner supplying uiember 
20 was roughly 50 % aH most. Thus, the current which 
riows from Lhe toner supplying anember 20 to the 
development roller 5 needs to be equivalent to a 
minimuiu of twice the amount of the charge the toner 7 
on the development roller 5 carries. Therefore, the 
amount of the current which flows from the toner 
supplying member 20 to the development roller 5 is 
desired to be no less than 0.08 vp Cl^]- Further, the 
development roller 5 is desired to be used under the 
condition in which the discharge efficiency is low, 
because it is more stable against the external 
ractors, for example, changes in the ambience, amount 
of the toner, etc,, when used under such a condition. 
In other words, under such a condition, the 
development roller 5 can be consistently supplied with 
a satisfactory amount of the toner 7, Thus, in order 
to consistently supply the developer roller 5 with a 
satisfactory amount or the toner 7, this current is 
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desired to be no less t-lian 0.8 Vp £mA]. On the other 
hand, this current functions to prevent the problem 
that the toner becoaies welded to Lhe toner siapplying 
fliember 20 due to the increase In Lhe teiaperature of 
the toner supplying member 20. Therefore, in order to 
prevent Lhis problem, this current is desired to be no 
more than 100 mA, prererably, no more than 10 mA, for 
example, when the width of the toner supply member 20 
is equivalenL to a recording medium of A4 size. 

As described above, Lhe employment of the 
Loner supplying member 20 in this embodimenL makes iL 
possible to eliminate Lhe toner si:rlpping-supplying 
roller, which a developing apparatus in accordance 
with Lhe prior art requires, and is rotationally 
15 driven in the developing apparatus, making iL thereby 
possible Lo reduce the amount of the torque necessary 
to drive the developing apparatus- In adaiLion, this 
embodiment of Lhe present invention eliminates the 
problems Lhat the employfiient of the toner supplying 
member 20 might create, that is, Lhe forma Lion of an 
image suffering from the nonunif ormity in density, in 
the form of streaks, an image suffering from fog, and 
Lhe like images. 
Bmbodiment 2 

25 Next, Lhe image forming apparatus in another 

embodiment of the present invention will be described. 
Figure 12 is a schema Lie sectional view of an image 
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xorming apparatus 200 in accordance with Llie preset 
xnv^tion. In terms of the 2>a&ic structure and 
operation^ the image rorming apparatus 200 in this 
embodiment is the same as that in the preceding 
embodiment, except that the process cartridge in this 
embodiment is removably mountable in the main assembly 
of the image Terming apparatus. Thus^ the elements of 
the image forming apparatus in this embodiment which 
are the same in structure and operation as those in 
the first embodiment will be givexx the same 
referential symbols as those given in the description 
of the first embodiment, and will not be described 
here* 

Figure 13 is a schematic sectional view of 
the process cartridge 200B removably mountable in the 
image forming apparatus 200 in this embodiment. in 
this embodiment, the process cartridge 2005 comprises 
a cleaning means frame 51 and a developing means frame 
52, which are connected to each other. It is 
removably mountable in the main assembly 200A. Not 
only does the cleaning means freuxie 51 function as a 
waste toner container 11 for storing the waste toner 
12,. but also serves as a member for supporting the 
cleaning blade 10, charge roller 2, and photosensitive 
drum 1. The developing means frame 52 serves as the 
developer container 8 in which the toner 7 is held, 
and also, serves as a member for supporting the 
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regulating blade 6, development roller 5, and toner 
supplying iiieiia>er 20, The developing apparatus 4 
(developing means Irame 52) of the process cartridge 
2003 in L&is embodiment is virtually the same as that 
in the above described preceding embodiment. The 
process cartridge 200B is removably mounted into the 
apparatus main assembly 200A, through the cartridge 
mounting means 50 o£ the apparatus main assembly 200A 
comprising the mounting guides, positioning means, 
etc. 

The cleaning means frame 51 and developing. 

means frame 52 are connected to each other so that a 
speciXic positional relationship will be maintained 
between the two, causing thereby the photosensitive 
drum 1 and development roller 5 to be pressed against 
each other so that a predetermined amount of contact 
pressure is maintained between the two. As the 
process cartridge 200B is mounted in to the apparatus 
main assembly 200A, the driving means (unshown) of the 
apparatus main assembly 200A becomes engaged with the 
photosensitive driim gear (unshown) Tor transmitting 
driving force to the photosensitive drum 1, making it 
possible to drive the photosensitive drum 1. Also as 
the process cartridge 2G0B is mounted into the 
apparatus main assembly 2G0A, the photosensitive drum 
gear meshes with the development roller gear (unshown) 
for transmitting driving force to the development 
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roller 5, making IL possible to OLrive tHe development 
roller 5 with the presence of a predeterminecl amounL 

dxTference in peripheral velocity hetween the 
photoeensitive drum 1 and development roller 5. 

Also as the process cartridge 20 OB is mounted 
into the apparatus luain assembly 200A, a Loner supply 
bias contact point 53a and developer bias contact 
point 53a of the process cartridge 2C0B for supplying 
the toner supplying member 20 and development roller 5 
with power becorae connected to the toner supply bias 
contact point 53b ana development bias contact point 
53a oX the apparatus main assembly 200A, respectively^ 
making it possible to apply the toner supply bias and 
development bias to the toner supplying member 20 and 
development roller 5 or the developing apparatus 4 of 
the process cartridge 200B from the toner supply bias 
power source 21 and development bias power source 22 
of the apparatus main assembly 2C0A, respectively. 

The eiViployment oi this process cartridge 
system^, .in which the processing means are integrally 
disposed in a cartridge so that they can be removably 
mountable in the main assembly 200A of the image 
forming apparatus 200^ makes it unnecessary for a user 
to rely on a service person, that is, makes it 
possible for a user to maintain the apparatus by 
himself, as the toner 7 is entirely consumed, as the 
photosensitive drum 1 reaches the end of its service 
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life, as Lhe wasL^ toner contaiiier 11 is filled up 
witli t:lie recovere<l toner 12, or tlie like occafilons. 
In oLiier wor<ls, tlie employment of Lliis process 
cartrxdgre sy^stem drastically improves tiie image 
foriuing apparatus 200 in operational efficiency. 

Incidentally, the process cartridge in Liiis 
embodiment coiaprises: a^i electrophotographic 
photosensitive Aiember; processing means (charging 
means, developing means, and cleaning lueans) which act 
on the elecLrophotographic photosensitive member; and 
a cartridge in which Lhe electrophotographic 
photosensitive memher and processing means are 
Integrally disposed, and which is removali^ly mountable 
in the main assembly of the image forming apparatus* 
The applicaLion of the present invention is not 
limited to a process cartridge configured as desciribed 
above. For example, the present invention is also 
applicable to a process cartridge comprising: an 
electrophotographic photosensitive member; a minimum 
of one processing means among Lhe charging means, 
developing means ^ and cleaning means; and a cartridge 
in which Lhe electrophotog^raphic photosensitive member 
and processing means are integrally disposed, auid 
which is removably mountable in Lhe main assembly of 
the image forming apparatus, a process cartridge 
comprising a miniaium of an electrophotographic 
photosensitive member, and a developing apparatus 



compxisxng a developer container for liolciing 
developer, a developer carrying member lor carrying 
the developer in tlie developer container to tbe object 
to be developed, and a developer eupplying iriember for 
better supplying tbe developer carrying member wltb 
Llie developer; and a cartridge in wblcb tbe 
electropbotograpbic pboLosensi LI ve drum and developing 
apparatus are integrally disposed, and wbicli is 
removably mountable in tbe main assembly of tbe image 
forming apparatus, 

Tbe comparison between tbe process cartridge 
2.P.0B in.. Lbis embodiment and a process cartridge 
comprising Lbe developing apparatus (Figure 4) in 
accordance witb Lbe prior art^ equipped wiLb tbe 
developer stripping-supplying roller 13 as a developer 
supplying member, revealed tbat tbe former was rougiily 
30 % .saidJ.ler .in Lbe amounL of tbe torque necessary Lo 
drive a process cartridge Lban tbe latter. Further, 
in terms of tbe size of tbe developing means frame 52 
as tbe developer container 8 necessary to store a 
predetermined amounL of tbe developer (toner), tbe 
former was smaller by 40 cm^ tban tbe latter. ^ 

As will be evident from tbe above 
description, tbis embodiment in wbicb tbe toner 
supplying member 20 in accordance witb tbe present 
invention is employed makes it possible to reduce tbe 
amount of tbe torque necessary to drive tbe process 
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caz-tzxxage 200B^ l>y eliminalilng the developer 
stripping-supplylng meinber wlilcli a developing 
appaira1;us in accor<lance wiLh the prior art re^auires^ 
and wliicri must l>e rotationally driven. Further, the 
Loner supplying Jtteiri2>ez- 20 in this eiriI:>odiiiient is 
smaller than the developer stripping-suppiying member 
in accordance with the prior art, raaking it possible 
Lo reduce a process cartridge in size- In other 
words, this ejjcbodiment makes it possible to reduce a 
process cartridge in size and in the amounL of the 
torque necessary to drive iL. 
(Miscellanies) 

In Lhe preceding embodixiients o£ the present 
invention, the core of the toner supplying member 20 
is a piece of tungsten wire. However, the material 
for the core of the toner supplying member 20 does not 
need to be tungsten wire^ as long as it is 
electrically conductive. Further, the diameter of the 
toner supplying member 20 has only to be large enough 
to provide the toner supplying member 20 with a 
mechanical strength large enough to make the toner 
supplying member 20 withstand the pressure generated 
by the friction between the toner supplying member ?0 
and toner. For example, if the material is metallic, 
the diameter of the toner supplying member 20 is 
desired to be no less than 10 pm in order to prevent 
the toner supplying member 20 from breaking under a 
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cert:aiii eunount of tension. 

In tne preceding emboaimenLs of Lhe present 
invention, the developing apparatus 4 is provided wltli 
only a single toner supplyins member 20. However, tHe 
application of tue present invention is not limited to 
a developing apparatus Having only a single toner 
supplying member 20; it is also applicable to a 
developing apparatus having a plurality of the toner 
supplying member 20. Providing a developing apparatus 
with a plurality of the toner supplying meinber 20 
increases the amount by which the development roller 5 
is supplied With the toner, making it possible to 
provide a developing apparatus operatabie at a higher 
speed 

Further, the application of the present 
invention is not limited to a developing apparatus, 
the developer carrying (oember (developing member) is 
an elastic roller as in the preceding embodiments- in 
Qthex: words,, the configuration of a developer carrying 
member is optional, as long as the surface layer of 
the developer carrying luember, which opposes the toner 
supplying member 20, is not absolutely dielectric, 
that is, being slightly conductive, and the base layer 
of the. developer carrying meaiber is as conductive as 
the metallic core of one of the developer carrying 
members in the preceding embodiments. For example, 
the developer carrying member may be in the form a 
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txibe or belt. Further, the cieveloper carrying meiia:>er 
may comprise a metailic CYiinder, and a Hard surface 
layer lormed or plienol resin or the like, on the 
peripheral surface of the cylinder - 

In the preceding eiiihodiiaerALs, the image 
forcing apparatus is provided with only one developing 
apparatus. However, Lhe present invenLion is also 
applicable Lo an image forming apparatus having a 
plurality of elecLrophotographlc image forming 
sLations, a plurality of developing apparatuses, . and 
employing a plurality oX process cartridges, Just as 
effectively as it is to the image forming apparatuses 
in the preceding embodiments. 

Further, the present invention is applicable 
to a development cartridge, that is, a developing 
apparatus in the Xorm of a cartridge removably 
moun table in the main assembly of an image forming 
apparatus. in such a case, the development cartridge 
is removably mounted into the apparatus main assembly 
through the cartridge mounting mieans or the apparatus 
main assembly. In reality, however, a development 
cartridge may be thought to be the above described 
process cartridge 200B in the second embodiment minus 
the cleaning means frame 51 , 

As described above, the present invention can 
prevents the level of consistency in the amount by 
which the developer carrying member of a developing 



apparaLu^ Is supplied with developer, from i>exiicf 
reduced loy the local current leaks from Liie developer 
supplying raember Lo the developer carrying meikiber. 
Therefore, it can prevent the formaLion of an image 
euffering from sLreaks attributal^ie to Lhe 
nonuniformity in the amount I>y which the developer 
carrying memher is provided with the developer . 
Further, Lhe present invention can prevent the current 
which flows from Lhe developer supplying member to the 
developer carrying member, from affecting Lhe 
development potenLial. Therefore, iL can prevent the 
formation of an image suffering from such an image 
defect as fog- Further, the present invention makes 
it possible to uniformly charge the developer on Lhe 
peripheral surface of the developer carrying member, 
by pausing, electrical discharge with the use of Lhe 
developer supplying member, in proportion to the 
discharge efficiency of the developer supplying 
member. Therefore, it can sLabiliase Lhe amount by 
which the developer is supplied to the developer 
carryix^g.. member. Further, the present invention makes 
it possible to employ a piece of wire^ as Lhe 
developer supplying member, making it thereby possible 
to provide a developing apparatus smaller in the 
torque necessary to drive It^ simpler in structure, 
and smaller in size. 

iftrhile the invention has been described with 
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x-eference tio Llie structures discioseci lierein^ it 
not confined Lo the details seL fortli, and Lliis 
application waa intended Lo cover sudi modificaLi 
or clianges as may come wlLliin tlie purposes of tlie 
Improvements or tlie scope of tlie following claims 



